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Abstract

In this study, the critical buckling load of hybrid composite plates with three layers was analyzed using
numerical and statistical methods. Laminated hybrid composite plates were designed using glass-epoxy,
boron-epoxy, carbon-epoxy, and metal. The outermost layers of the plates were modelled using fiber
reinforced composite materials whereas the innermost layer of plates was created using Aluminum material
(Al2024-T3). Numerical buckling behavior was calculated using finite element software ANSYS. Analysis
of signal-to-noise ratio was utilized to decide the effects and optimal levels of the plates and their fiber
orientation angles on buckling load. Analysis of variance at the 95 % confidence level was employed to
indicate the control factors which have significant effect on the buckling responses.

Keywords: Buckling, Hybrid composite, Finite Element, Taguchi Method.

Ozet

Bu calismada Ug¢ tabakali hibrit kompozit plakalarin kritik burkulma yiki sayisal ve istatiksel metotlar
kullanilarak analiz edilmistir. Tabakali hibrit kompozit plakalar cam/epoksi, bor/epoksi, karbon/epoksi ve
metal kullanilarak dizayn edilmistir. Plakalarin en Ust tabakalar fiberle glglendirilmis kompozitlerden
modellenirken en i¢ tabakalari Aliminyum (Al2024-T3) malzemeden olusturulmustur. Sayisal burkulma
davranigi sonlu elemanlar yazihmi ANSYS kullanilarak hesaplanmistir. Sinyal-Gurllti oran analizi
burkulma davranisi Uzerinde plakalarin optimal seviyelerini ve fiber oryantasyon acilarinin etkilerini karar
vermek igin kullanildi. Burkulma yanitlari Gzerinde énemli etkiye sahip olan kontrol faktérlerini belirlemek
icin % 95 guven seviyesinde varyans analizi uygulandi.

Anahtar Kelimeler: Burkulma, Hibrit Kompozit, Sonlu Elemanlar, Taguchi Metodu.

Gelis/Received: 14 Mar 2021 / 14 Marc 2021
Kabul Edilis/Accepted: 10 Agu 2021/ 10 Aug 2021


https://orcid.org/0000-0002-7512-5997

ALKU Fen Bilimleri Dergisi 2021, Say1 3(3): 1-8 Buckling Analysis of Cantilever Laminated Hybrid
Composite Plates using Finite Element and Statistical
Methods

1. INTRODUCTION

Laminated composite plates are used in many areas due to their low density, corrosion resistance and high
strength properties compared to a lot of metal materials. Because of these superior properties, laminated
composite plates and beams were used for many analyses such as buckling [1], free vibration [2], deflection
[3], buckling temperature [4], twisting angle [5], thermal stress [6] etc. Buckling behavior of laminated
composite plates is a vital issue and it is important to focus on the buckling phenomenon. There are many
numerical and analytical studies including critical buckling load of laminated composites and the impacts
of factors such as fiber orientation angle, sum of number of plies, plate sizes, boundary conditions, [7, 8],
size and position of delamination [9-13]. In literature, composite structures made of glass-epoxy, boron-
epoxy, carbon-epoxy were widely utilized. Heidari-Rarani et al. [14] investigated the influence of ply
stacking sequence for theoretical and experimental buckling analysis of laminated composites made of E-
glass/epoxy. Jeyaprakash et al. [15] examined of the buckling behavior of carbon epoxy fiber composite
under buckling load using experimental and numerical methods. Erdem et al. [16] analyzed the post-
buckling behavior of composite plates made of carbon fiber epoxy and they used ANSYS software for
numerical approach. Guo etal. [17] examined the buckling and post-buckling behavior of a composite made
of carbon/epoxy and C-section structure. Sudhirsastry et al. [18] analyzed the buckling behavior of thin
wall stiffened composite panels and they used finite element approach. Also, some optimization methods
for composites were used such as genetic algorithm [19-22] and the modified feasible direction [23, 24]. In
this study, Taguchi method was used to optimize the composite plates and fiber orientation angles. This
method decreases the test numbers. Also, hybrid laminated composite plates have been used for different
analyses in many areas. Yal¢in and Ergene [25] determined the effect of the crack placed in different areas
within the hybrid composite material with different fiber angles on the mechanical behavior by finite
element analysis. Akbulut et al. [28] presented a study including non-linear optimization methods on
composite structures under vibration and buckling loads. In analysis, laminate hybrid composite materials
reinforced with glass-epoxy, boron-epoxy, carbon-epoxy, glass-boron-carbon-epoxy were used. It is seen
from mentioned literature review that there are several studies including various analyses of laminated
composite and hybrid composite plates. In this study, critical buckling load of hybrid composite plates with
three layers was analyzed using numerical and statistical methods according to finite element method and
Taguchi L9 orthogonal array consisting of two control factors with three levels.

2. MATERIALS AND METHODS

In buckling analysis, hybrid composite plates made from metal material and fiber reinforced composite
were used. The plates have three laminates. The outermost layers of the plates were made by composite
materials such as glass-epoxy, boron-epoxy, carbon-epoxy, glass-boron-carbon-epoxy. Innermost layer of
plates was designed using Aluminum material (Al2024-T3). Mechanical properties of metal and composite
materials were illustrated in Table 1.

Table 1. Material properties [25]

Ex Ey E; v v v Gyy Gxz Gy:
(GPa) (GPa) (GPa) ¥ * > (GPa) (GPa) (GPa)
Al2024-T3 724 724 724 033 033 033 276 276 276
Glass/Epoxy 385 935 935 022 005 0.05 347 347 347
Boron/Epoxy 2024 9.87 987 025 001 001 365 365 3.65
Carbon/Epoxy 1125 9.77 9.77 0.25 0.02 0.02 329 329 3.29

Materials

N

Numerical buckling analyses for the first mode in ANSYS software were conducted using Taguchi L9
orthogonal array with two control factors and three levels. The control factors were selected as hybrid
composite plates and fiber orientation angles. The levels of the first control factor were assumed as
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Glass/Epoxy-Al- Glass/Epoxy, Boron/Epoxy-Al- Boron/Epoxy, and Carbon/Epoxy-Al- Carbon/Epoxy
whereas the levels of the second control factor were determined as 0, 45, and 90 degrees. The control factors
and levels were tabulated in Table 2.

Table 2. Control factors and levels

Control Svmbol Levels

Factors Level 1 Level 2 Level 3
Plate A Glass/Epoxy-Al- Boron/Epoxy-Al- Carbon/Epoxy-Al-
Type Glass/Epoxy Boron/Epoxy Carbon/Epoxy
Fiber

Angle B [0] [45] [90]

To obtain the maximum critical buckling load of laminated hybrid composite plates, “larger is better”
characteristic was used for analysis of S/N ratio. The characteristic was given in Equation 1 [26].

(S/N)ug = —10.log (U_IZ(YiZ)_l) 1)
=1

in which, n is the number of numerical calculations in a trial and y; means i"" data examined. Statistical
analyses were performed in Minitab 15 software.

3. FINITE ELEMENT ANALYSIS

Finite element analyses for critical buckling load were carried out using ANSYS software. In analyses,
SHELL281 element type was used. Cantilever hybrid composite plate have dimensions 100 mm (length) x
100 mm (width) x 1.5 (thickness). Thickness of each lamina has 0.5 mm. This element consists of 8 nodes
which has 6 degrees of freedom for each node: translations for the x, y, and z axes, and rotations regarding
the x, y, and z-axes [27]. Hybrid composite plates with three layers was modelled as cantilever boundary
condition. Block lanczos eigenvalue extraction method was utilized for buckling analysis and this method
can be offered for large symmetric eigenvalue solutions. The outermost layers of the plates were created
using fiber reinforced composite materials with different fiber orientation angles such as 0°, 45°, and 90°.
Fiber orientation angles of laminated hybrid composite plates were illustrated in Figure 1.

a) 0° b) 45° c) 90°
Figure 1. Fiber orientation angles of composite plates

4. RESULTS AND DISCUSSIONS

The aim of this study is to analyze the effect of the laminated hybrid composite plates and fiber orientation
angles on the critical buckling load numerically and statistically. Finite element results and their S/N ratio
data were demonstrated in Table 3.
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Table 3. Results based on L9 orthogonal array

Methods

Control Factors

Run Designation

Results

Critical Buckling  S/N ratio

Hybrid Composite Plates Fiber Angle Per (N) 1 (dB)
1 AiB1 Glass/Epoxy-Al-Glass/Epoxy [0] 279.335 48.9225
2 AiB; Glass/Epoxy-Al-Glass/Epoxy [45] 160.458 44.1072
3 A1B3 Glass/Epoxy-Al-Glass/Epoxy [90] 83.2541 38.4081
4 A:B; Boron/Epoxy-Al-Boron/Epoxy [0] 1373.810 62.7585
5 A:B; Boron/Epoxy-Al-Boron/Epoxy [45] 157.941 43.9699
6 A:B3 Boron/Epoxy-Al-Boron/Epoxy [90] 86.7477 38.7652
7 AsBi Carbon/Epoxy-Al-Carbon/Epoxy [0] 774.189 57.7769
8 AsB; Carbon/Epoxy-Al-Carbon/Epoxy [45] 133.188 42.4893
9 AsB3 Carbon/Epoxy-Al-Carbon/Epoxy [90] 86.054 38.6954

Overall Mean (Tp_,) 348.331 -

Numerical analyses were carried out in ANSYS software and images of the results obtained were shown in
Figure 2. As can be seen from Figure 2, the maximum affected edges were determined as the edge subjected
to load for cantilever plates. This finding is in agreement with study consisting of deflection [3] analysis of

laminated composite

plates.

j A A

1 AnaIyS|s ‘ - 2 AnaIyS|s

4.‘“Analysis - 5”Analysnis

7. Anal'y’s‘is N 8. AnaIyS|s

3 Analy5|s

il

6. Analy5|s

il

9 AnaIyS|s
Figure 2. ANSYS results of buckling behavior for the first mode
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4.1 Impact of Control Factors

Analysis of S/N ratio was carried out to analyze the optimal levels of hybrid composite types and fiber
orientation angles. The average values of S/N ratio and mean for each level of each control factor were
calculated in Minitab statistical software and these results were demonstrated in Table 4.

Table 4. Response table for buckling load

Level S/N ratio (dB) Mean (N)
A B A B
1 43.81 56.49 174.35 809.11
2 48.50 43.52 539.50 150.53
3 46.32 38.62 331.14 85.35
Delta 4.69 17.86 365.15 723.76
Rank 2 1 2 1

It can be seen from Table 4 that the optimal result for buckling analysis was obtained using hybrid
composite plate at the second level and fiber orientation angle at the first level. In other word, the maximum
critical buckling load was calculated using Boron/Epoxy-Al-Boron/Epoxy plate made of fiber orientation
angle with O degree. To see the effect of each control factor, main effect plot was plotted using the average
data of S/N ratio based on numerical results. The plot was shown in Figure 3.

Control Factors

57.51
55.0 1
52.5 1

50.0 1

47.5- /\
45.0- /

42.5 4

Mean of S/N ratios (dB)

40.0 4

1 2 3 1 2 3
Levels

Signal-to-noise: Larger is better

Figure 3. Main effect of control factors for S/N ratio

According to Figure 3, the critical buckling load of hybrid composite plate made of Boron/Epoxy-Al-
Boron/Epoxy is higher than that of plates designed from Glass/Epoxy-Al-Glass/Epoxy and Carbon/Epoxy-
Al-Carbon/Epoxy. In other word, the maximum critical buckling load for the first mode are obtained using
plates made of Boron/Epoxy-Al-Boron/Epoxy, Carbon/Epoxy-Al-Carbon/Epoxy, and Glass/Epoxy-Al-
Glass/Epoxy, respectively. This situation can be explained by the high mechanical properties of hybrid
composite plates. The increase of the mechanical property such as elasticity modules can cause the increase
of critical buckling of the plates. Also, Figure 3 shows that the increase of fiber orientation angle from 0 to
90 in degree leads to the decrease of the critical buckling load of fiber reinforced composite. This finding
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is in agreement with studies including buckling [1], free vibration [2], and deflection [3] analyses of fiber
reinforced composites.

4.2 Analysis of Variance

Analysis of Variance (ANOVA) is a statistical method, and it was carried out to determine the effect ratio
and significant levels of control factors such as laminated hybrid composite plates and fiber orientation
angles on the critical buckling load of plates. ANOVA was performed at % 95 confidence level and result
obtained was tabled in Table 5.

Table 5. ANOVA result for buckling load
Source DF SeqSS AdjSS AdjMS F P % Effect

A 2 201332 201332 100666 1.01 0.442 12.88

B 2 961806 961806 480903 4.81 0.086 61.53
Error 4 399897 399897 99974 25.59
Total 8 1563035 100

As can be seen from Table 5, the maximum effects of control factors on buckling load of hybrid composite
plates were determined as fiber orientation angle with 61.53 % and type of hybrid composite plates with
12.88 %, respectively. Hybrid composite types and fiber orientation angles for 95 % confidence level have
a meaningless effect on the buckling analysis since P value is smaller than 0.05 value.

4.3 Estimation of Optimal Critical Buckling Load

Estimated critical buckling load for the first mode was calculated using overall data at the optimal level for
each control factor. Estimated critical buckling load based on Taguchi method may be solved using
Equation 2 [26].

IJ'PCR = KZ_ + B_l - TPCR (2)

where, A, = 539.50 and B, = 809.11 show the average data of the critical buckling load for the first mode
of hybrid composite plate at the second level and fiber orientation angle at the first level. In addition, Ty,

is average mean for Taguchi’s L9 orthogonal array and it was computed as 348.331 N. Thus pp_, was
found as 1000.28 N.

5. CONCLUSION

The purpose of this numerical and statistical study is to calculate the critical buckling load of hybrid
composite plates with three layers. Laminated hybrid composite plates were constructed using glass-epoxy,
boron-epoxy, carbon-epoxy, and metal. The outermost layers of the plates were formed using fiber
reinforced fiber composite materials whereas the innermost layer of plates was generated using Aluminum
material (Al2024-T3). Finite element buckling analyses was performed using finite element software
ANSYS. Analysis of signal-to-noise ratio was employed to choose the effects and the best levels of the
plates and their fiber orientation angles under buckling load. Analysis of variance was utilized to show the
control factors which have substantial influence on the buckling behavior. According to this study, the
critical buckling load of hybrid composite plate made from Boron/Epoxy-Al-Boron/Epoxy is higher than
that of plates constructed from Glass/Epoxy-Al-Glass/Epoxy and Carbon/Epoxy-Al-Carbon/Epoxy. The
increase of fiber orientation angle from 0 to 90 in degree causes a decrease on the critical buckling load.
The maximum impacts of control factors on buckling load of hybrid composite plates were defined as fiber
orientation angle with 61.53 % and type of hybrid composite plates with 12.88 %. Prediction of optimal
critical buckling load was found as 1000.28 N in accordance with Taguchi method. Also, the maximum
affected edges were defined as the edge subjected to load for cantilever plates.
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Abstract

Up to now, several criteria (software parameters) have been determined in order to measure and evaluate
software development projects: Productivity, engagement, attention to quality, code base knowledge and
management, adherence to coding guidelines and techniques, learning and skills, personal responsibility
and etc. However, there isn’t any universally accepted criteria or a methodology to measure and evaluate
software development projects. In this context, the common criteria set about measurement and evaluation
of software development projects has been tried to be created in this study. In addition, some information
has been taken from 105 software experts with 55 different software companies so as to evaluate the use
of the common criteria in real work life. Accordingly, a measurement and evaluation criteria set (software
parameters) about the software development projects has been formed based on the data mining algorithm
— “Association Rule Mining Apriori Algorithm” — with its 12 inferences. By the contribution of these data, the
designed and developed software parameters have had more than 75 percent accuracy rate in the data
mining algorithm. Finally, 8 important fuzzy-based rules about these 12 inferences have been formed and
generated in this work.

Keywords: Software engineering, software development, software parameters, software rules, data
mining, Apriori algorithm, fuzzy logic.

Yazihm Geligtirme ile ilgili Veri Madenciligine Dayali Cikarimlar ve
Bulanik Mantiga Dayali Kurallar

Ozet

Yazilim projelerinin dlgilmesi ve degerlendiriimesine yonelik buglne kadar c¢esitli kriterler ve parametreler
belirlenmistir: Verimlilik, katiim, kaliteye dikkat, kod tabanli bilgi ve yénetim, kodlama ile ilgili ydnerge ve
tekniklerine uyum, 6drenme ve beceriler, kigsisel sorumluluk vb. Bununla birlikte, yazilim gelistirme
projelerini 6lgmek ve degerlendirmek igin evrensel olarak kabul gérmuis herhangi bir ydontem ya da kriter
maalesef ki yoktur. Bu baglamda, bu g¢alisma kapsaminda, yazilim gelistirme projelerinin 6lgiimesi ve
degerlendirilmesi ile ilgili ortak kriterler ortaya konmaya calisiimigtir. Ayrica, bu ortak kriterlerin gergek is
hayatinda kullanimini degerlendirmek amaciyla da 55 farkli yazihm sirketinde calisan 105 yazilm
uzmanindan) konu ile ilgili cesitli bilgiler elde edilmistir. Bu dogrultuda, veri madenciligi algoritmasi —
“Association Rule Mining Apriori Algorithm” — kullanilarak 12 tane g¢ikarim yapiimis ve bunun neticesinde,
yazilim gelistirme projeleri ile ilgili bir 6lgme ve degerlendirme yazilim parametre seti olusturulmustur. Bu
elde edilen verilerin dogrultusunda tasarlanan ve geligtirilen yazilim parametreleri, ortaya konan veri
madenciligi algoritmasi ¢cergevesinde ylzde 75’in Uzerinde yuksek bir dogruluk oranina sahip olmustur.
Bununla birlikte, yazilim gelistirme tzerine elde edilen 12 ¢ikarimla ilgili bulanik mantiga dayali 8 tane hayati
6neme sahip kural olusturulup ¢calismada ortaya konmustur.
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1. INTRODUCTION

Measurement is the task of numerals to questions or occasions as indicated by some standards. Numerals
are the marks which have no inalienable significance, such as postal districts and car tags. Numbers are the
numeric which have quantitative importance and could be investigated, such as weight and height. The
guidelines for allotting marks to properties of variables are the most critical segments of estimation, as the
result of the fact that the consequence of poor principles is futile results. Ideas frequently could not be
estimated straightforwardly, so what are generally estimated are markers of builds; for example, speed,
rationale, verbal aptitude and so on [1].

Evaluation is the deliberate (methodical) gathering of data about the attributes, exercises and results of
administrations or projects to evaluate the degree to which targets have been attained to, recognize required
changes and/or settle on choices about future programming [2].

Measurement and evaluation of software development projects is a seriously critical task. Software projects
often have objectives which are about maintainability, reliability, efficiency, security, flexibility, testability
and etc. Unfortunately, it is often unclear which software developer deals with which part of a software
project and how their change affects achievement of those goals. There are three main reasons of this
unclear situation: Firstly, each part of software creation is unique. There is no compelling reason to
assemble two times the same parts of software as it might be duplicated by copying it. This makes it truly
difficult to make a formal and thorough correlation between two parts of software. Secondly, the current
technology is something that changes at a truly fast phase. So, each time a methodology in respect to a
certain wave of technology is dependable enough, it is for the most part as of recently old. Thirdly, there is
a gigantic zone for innovativeness in discovering the diverse answers for a unique issue. Thus, measuring
the effect in terms of “lines of code™, for instance, is measuring the size of the solution, not the issue. With
this work, some relationships between measurable development criteria and objectives are tried to be
defined and some evaluation techniques tried to be defined for better estimation in very early times of
software development.

2. RELATED WORKS

Gallivan (1998) has showed the relationship between job and profession about measurement and evaluation
of software development process in his study. He has indicated several special points in this relationship,
such as job satisfaction and difficulty, actual performance, technical knowledge about job, analytical
thinking skill, verbal skill, working habits, being open to new ideas and creativity, and etc. [3].

Sawyer and Guinan (1998) have showed several points about working as a team in software development
for measurement and evaluation of software development process in their study. Those points are about
team support, team loyalty, team vision, team personality, team meeting, team members and team leader.
In addition, they have tried to find the answers to some questions about software development. Those
guestions are about software development method, code storage, code library, working time and
documentation about development [4].

Hall, Wilson, Rainer and Jagielska (2007) have tried to find the answers to several questions about several
topics for measurement and evaluation of software development process in their study. Those topics are
about software team, software project, job life, working and personality [5].

Baggelaar (2008) has showed importance of several properties in software development process. Those
properties are abstraction, testability, coupling, modularity, layouts, test coverage, error handling and
exception handling. In addition, he has tried to find the effect of code and comment lines to measurement
and evaluation of software development [6].
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Lee, Joshi and Kim (2008) have analyzed measurement and evaluation of software development process
with regards to personality and working habits in the work [7].

Thing (2008) has dwelt on several topics about personality, working style, work load and software
development process in measurement and evaluation of software development [8].

Zhang, Wang and Xiao (2008) have asked several questions and have got some answers to them about
measurement and evaluation of software development process in their study. Those questions are about
code lines, comment lines, class number, instance number, class relationship, method number, inheritance
depth degree and difficulty of software development [9].

Calikli and Bener (2010) have indicated general information about measurement and evaluation of software
development process in their study. They have showed the effect of education level of software developers
and some points in software development area, such as satisfaction degree, trust degree, working experience
and etc. to software development [10].

Chilton, Hardgrave and Armstrong (2010) have showed several points in measurement and evaluation of
software development process in their workday. Those points are about working life, working habits,
personality, age and gender [11].

Ramler, Klammer and Natschldger (2010) have tried to find the answers to some questions about software
guality in measurement and evaluation of software development process in their study [12].

Wang and Zhang (2010) have showed importance of several topics in measurement and evaluation of
software development process in their work. Those topics are about working life, working experience, work
load, education level and gender [13].

Balijepally, Nerur and Mahapatra (2012) have tried to find the answers to several questions about pair
programming, difficulty of software development, software quality and personality for measurement and
evaluation of software development in their study [14].

Duarte, Faria and Raza (2012) have tried to find the effect of some issues to measurement and evaluation
of software development process in their study. Those issues are about timing error, size error, segmentation
error, missing parts, irrelevant parts, error number and unit test number [15].

Ehrlich and Cataldo (2012) have dwelt on some points in software project development process for
measurement and evaluation of software development in their work. Those points are about team leader,
team coordination, company management, company employees and private life [16].

Kelly and Haddad (2012) have tried to find the effect of “error” to measurement and evaluation of software
development process in their study [17].

Schroter, Aranda, Damian and Kwan (2012) have tried to find the answers to several questions for
measurement and evaluation of software development process in their study. Those questions are about
build number, code changes, method number, fixed code parts, working life, working quality, team leader,
software project documentation and software development tool [18].

Westermann (2012) has indicated importance of some points in software development process in his study.
He has searched the effect of reliable code writing, software project outcomes and working style to
measurement and evaluation of software development [19].

Calikli and Bener (2013) have showed some important points in measurement and evaluation of software
development process in their study. Those points are about software project development schedule and
software development team psychology [20].

Kumar, Santhosh, Kalaikumaran, and Karthik (2013) have examined data mining and customer relationship
management models and tried to propose a new data mining model for customer relationship management.
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Customer loyalty and profit increase have been observed in the companies where the method has been
applied [21].

In their study, Keles and Kaya (2014) have applied the Apriori algorithm to find out how factors such as
the number of workers in the group, age and experience levels of masonry workers affect the daily
productivity value. They have aimed to find rules aimed at ensuring that productivity could be increased
[22].

Akhondzadeh-Noughabi, Amin-Naseri, Albadvi, and Saeedi (2016) have proposed a new approach for
personnel evaluation using data mining techniques. Complaints and satisfactions of citizens about personnel
and jobs in different units of a company have been collected. Performance evaluations of the units have ben
made using the Apriori algorithm. In this way, it has been aimed to increase satisfaction by making
necessary improvements [23].

Xi, J., Zhao, Z., Li, W., and Wang, Q. (2016) have listed the causes of traffic accidents according to their
relative importance and determined the most effective ones with the AHP method. They then have used the
Apriori algorithm to analyze the extent or impact level of the accident [24].

Chiang (2018) have suggested a data mining application to be used in marketing strategy for companies
selling online. In the study, a priori and fuzzy clustering algorithms have been used to analyze the customers
[25].

Tas (2018) and Gedleg (2019) have examined association analysis rules and association relations in sales
data. In the study of Ayberkin and Ozen in 2019, a software that analyzes data has been designed using the
Apriori algorithm [26,27].

A similar study has been conducted by Rokhayati, Rusdi, Kurniawan, Janah, and Irawan (2019). In the
study, the factors affecting the absenteeism of students have been investigated by using AHP and data
mining. With the AHP method, the five criteria that most affect absenteeism have been found. Afterwards,
their relations with each other were examined using the Apriori algorithm [28].

In 2019, data mining has been carried out on energy consumption data with different algorithms by Giiler.
Also, Giircanok (2020) have examined the trends and habits of consumers through e-commerce sales data,
with data mining [29,30].

3. ASSOCIATION RULE MINING APRIORI ALGORITHM

“Association Rule Mining Apriori Algorithm” [31] is a calculation for incessant thing set mining and
affiliation principle learning over value-based databases. It continues by distinguishing the continuous
individual things in the database and stretching out them to larger and larger item sets in the length which
those thing sets show up adequately frequently in the database. The successive thing sets dictated by Apriori
[32] can be utilized to focus affiliation rules which highlight general patterns in the database: this has
applications in spaces, for example, market basket analysis.

Data mining methods that analyze the co-occurrence of events are called association rule methods. The
association rule is an approach that supports the analysis of past data and the determination of association
behaviors in these data and future studies. Market basket analysis can be given as an example of association
rule application. The purpose of the association rule is to find the association relationship between the
products purchased by the customers during shopping, and to determine the purchasing habits of the
customers in line with this relationship data. Sellers have effective and profitable marketing and sales
opportunities with the contribution of these discovered association relations and habits. For example, in
70% of customers’ purchases of milk and cheese from a grocery store, yoghurt was purchased along with
these products. In order to detect this kind of association pattern, the products included in the pattern has to
be included in more than one purchasing activity [33].
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In addition to these, Apriori (meaning “prior”’) obtains the information from the previous step. Based on
this algorithm, it has an iterative (repetitive) nature and is used to discover frequent item sets in databases
containing motion information. Association rule mining has two stages: finding all the frequent items and
generating strong association rules from these frequent items. The Apriori Algorithm, which is used for the
first stage of the association rule, is the most popular and classical algorithm used in frequent items mining.
In this algorithm, features and data are evaluated with “boolean” association rules [34].

The Apriori algorithm was developed by Agrawal and Srikant in 1994 for association rules. Association
rules are rules that check whether an element exists. This algorithm has been designed for databases
containing transactions and timestamps. Every transaction is a set of items [35]. In the Apriori algorithm,
the relationship between items is calculated for certain support and confidence values. As these two values
increase, the importance of the combination of the two elements also increases. Confidence is the value that
indicates how likely one item will be with another item. The support value is the value that shows how
often two items are found together [36]. The support value is very important for the interpretation of the
resulting rules. Rules with very low support values were most likely created by chance. In addition,
infrequent rules will not matter to the decision maker. If the support value is too high, it is possible to miss
the rules that may be important for the decision maker [37].

The purpose of the algorithm is to find the over-repeated associations by scanning the database of
transactions with different associations. The algorithm consists of two operations, pruning and merging.
During the process, the database is scanned many times. The K item set is used to find the frequently
repeated K+1 item set in the algorithm. The first scan finds single-element item sets and their support
values. How often each item is used determines the support value of that item. Item sets with more elements
are created with items that provide the specified support value. This process continues until the item set
that provides the desired support value is not found [38].

Furthermore, to understand better this method, the pseudocode of Apriori algorithm has been shown in
Figure 1 and its working mentality has been demonstrated in Figure 2 in the following.

procedure Apriori (T, minSupport) { //T is the database and minSupport is
//the minimum support
Ll = {frequent items};
for (k=2; Li.1!=0; k++) {
Cyx = candidates generated from Ly
//that is cartesian product Li.; x Liq and eliminating any k-1
//size itemset that is not frequent
for each transaction t in database dof{
#increment the count of all candidates in Cy that are
#contained in t
Ly = candidates in Cy with minSupport
}//end for each
}//end for
Return U.L;;

Figure 1. Pseudocode of Apriori algorithm [39].
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Original Database G Ls
Centre Pass
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2 C1R, A2R, A2C 1st Scan {C1R} {C1R} 3
3 C1C,C1R, A2R, A2C |———* {A2R} 3 —_— {A2R} 3
4 C1R, A2C {A1LL} 1 {A2¢) 3
Support-.=2 {a2c} 3
!
G C: L
Itemset Itemset Support Itermset Support
{C1C, C1R} {C1C, C1R} 1 {C1C, A2R} 2
{C1C, A2R} {C1C, A2R} 2 {C1R, A2R} 2
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!
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[C1C, C1R, AZR} {C1C, C1R, A2R} 1 {C1R, AZR, A2C) 2
{C1C, AZR, A2C) 3rd Scan {C1C, AZR, A2C} 1
{C1R, AZR, A2C] |~ * | (c1r A2r, A2c) 2

Figure 2. Process of Apriori algorithm [40].
4. DATA MINING BASED DISCOVERED INFERENCES

Apriori Algorithm is one of the best-known association rule mining algorithms. It uses prior knowledge of
frequent itemset properties and runs an iterative approach called level-wise search. That is, k—itemsets are
used to explore (k + 1)—itemsets (they are called candidate itemsets before testing them against the database)
by eliminating the candidates that do not satisfy the minimum support. This process terminates when no
frequent or candidate set can be generated. The efficiency of the level-wise generation of frequent itemsets
is improved by the Apriori Property: “All nonempty subsets of a frequent itemset must be frequent”. By
means of this property, many unnecessary candidate generation and support counting are eliminated [41].

Based on the “Association Rule Mining Apriori Algorithm”, 12 inferences with 5 parameters in each have
been extracted and leapt to the eye about measurement and evaluation of software development while
designing and implementing software, by the help of the real software experts, who have given information
about the study and research. Also, the number of these developers and experts has been 105, and they have
worked at 55 different countries about software development. Among these companies, whereas there have
been big institutive global companies such as Ericsson, Huawei Technologies, Siemens, Alcatel Lucent and
OBSS, on the other hand, there have been startup companies where about 5 people work such as Metadata,
Semafor and Mavikent Bilisim. Therefore, it can be said that the software experts, who have given
information about the software parameters, have been from wide range of the companies in software
industry. In addition, those extracted twelve inferences have been determined and identified based on the
software experts’ opinions, and these opinions have been given in the same direction (in parallel) by at least
75 percent accuracy rate with the contribution of the implementation and application of “Association Rule
Mining Apriori Algorithm”.

In the following, the file format of the taken software experts’ thoughts have been given in Figure 3, and
the operation of these in the application of “Apriori Algorithm” have been shown in Figure 4.
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Figure 3. The file format of the taken software experts’ thoughts
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Figure 4. Apriori algorithm with at least 75 percent accuracy rate.

The discovered inferences, which have been obtained based on data mining, have been listed and explained

in the following subtitles — 4.1 to 4.12.

4.1 Inference-1

e Do you reuse any code parts while writing (developing) a program?

e Do you use any software development method while writing (developing) a program?

¢ Do you use any methods or models which have been determined before while writing (developing)
a program?

o Do you use the property of Error Handling while writing (developing) a program?

e Individually, do you pay attention to the quality in the program which you have written

(developed)?

About 80 of the software experts (105), who have given their opinions about the software parameters, have

answered these questions in the same direction — YES.
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4.2 Inference-2

Do you reuse any code parts while writing (developing) a program?
Do you use any software development method while writing (developing) a program?

Do you use any methods or models which have been determined before while writing (developing)
a program?

Do you use the property of Modularity while writing (developing) a program?

Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 82 of the software experts (105), who have given their opinions about the software parameters, have
replied these questions in the same direction — YES.

4.3 Inference-3

Do you use any software development method while writing (developing) a program?

Do you use any methods or models which have been determined before while writing (developing)
a program?

Do you use the property of Modularity while writing (developing) a program?
Do you use the property of Error Handling while writing (developing) a program?

Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 83 of the software experts (105), who have given their opinions about the software parameters, have
answered these questions in the same direction — YES.

4.4 Inference-4

Do you use any methods or models which have been determined before while writing (developing)
a program?

Do you use the property of Reusability while writing (developing) a program?
Do you think that you have written (developed) a practical (usable&understandable) program?
As company, do you guarantee the quality of your software?

Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 81 of the software experts (105), who have given their opinions about the software parameters, have
replied these questions in the same direction — YES.

4.5 Inference-5
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e Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 81 of the software experts (105), who have given their opinions about the software parameters, have
answered these questions in the same direction — YES.

4.6 Inference-6

e Do you use any methods or models which have been determined before while writing (developing)
a program?

e Do you use the property of Modularity while writing (developing) a program?
¢ Do you think that you have written (developed) a practical (usable&understandable) program?
e As company, do you guarantee the quality of your software?

e Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 82 of the software experts (105), who have given their opinions about the software parameters, have
replied these questions in the same direction — YES.

4.7 Inference-7

e Do you use any methods or models which have been determined before while writing (developing)
a program?

o Do you use the property of Modularity while writing (developing) a program?
o Do you use the property of Reusability while writing (developing) a program?

e Individually, do you pay attention to the quality in the program which you have written
(developed)?

e Do you depend on the mechanism in the software development process?

About 84 of the software experts (105), who have given their opinions about the software parameters, have
answered these questions in the same direction — YES.

4.8 Inference-8

e Do you use any methods or models which have been determined before while writing (developing)
a program?

e Do you use the property of Error Handling while writing (developing) a program?
e Do you use the property of Reusability while writing (developing) a program?
e Do you think that you have written (developed) a practical (usable&understandable) program?

o Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 83 of the software experts (105), who have given their opinions about the software parameters, have
replied these questions in the same direction — YES.

4.9 Inference-9

o Do you use any methods or models which have been determined before while writing (developing)
a program?

o Do you use the property of Modularity while writing (developing) a program?
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Do you use the property of Reusability while writing (developing) a program?
Do you think that you have written (developed) a practical (usable&understandable) program?

Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 85 of the software experts (105), who have given their opinions about the software parameters, have
answered these questions in the same direction — YES.

4.10 Inference-10

Do you reuse any code parts while writing (developing) a program?

Do you use any methods or models which have been determined before while writing (developing)
a program?

Do you use the property of Modularity while writing (developing) a program?
Do you use the property of Reusability while writing (developing) a program?

Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 86 of the software experts (105), who have given their opinions about the software parameters, have
replied these questions in the same direction — YES.

4.11 Inference-11

Do you use any methods or models which have been determined before while writing (developing)
a program?

Do you use the property of Modularity while writing (developing) a program?
Do you use the property of Error Handling while writing (developing) a program?
Do you use the property of Reusability while writing (developing) a program?

Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 82 of the software experts (105), who have given their opinions about the software parameters, have
answered these questions in the same direction — YES.

4.12 Inference-12

Do you use any methods or models which have been determined before while writing (developing)
a program?

Do you use the property of Modularity while writing (developing) a program?
Do you use the property of Error Handling while writing (developing) a program?
Do you think that you have written (developed) a practical (usable&understandable) program?

Individually, do you pay attention to the quality in the program which you have written
(developed)?

About 89 of the software experts (105), who have given their opinions about the software parameters, have
replied these questions in the same direction — YES.
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5. FUZZY LOGIC

Fuzzy logic is communicated as a methodology dependent on “levels of exactness” instead of the “valid or
bogus” state which is the Boolean methodology. During the 1960s, Dr. Lotfi Zadeh applied the fuzzy logic
mentality firstly in his classes in the University of California at Berkeley. Fluffy hypothesis can be utilized
as a method for speaking to dubiousness in building nonlinear associations with heuristic data. The
hypothesis essentially works with the rationale that rather than an articulation being 0 or 1, its worth may
have an esteem that can differ in this range [42].

Fuzzy approach aims to display the overall working rationale of the PC such that individuals can
comprehend inside the system of rationale. A PC’s rationale block gets outright contribution from the client
and gives the yields TRUE or FALSE, which is equal to YES or NO outcomes. As per the fluffy rationale
approach, the client’s choice expresses that there are various conceivable outcomes between YES and NO.
Utilizing fluffy rationale strategy, it is meant to demonstrate unsure circumstances and inappropriately
characterized or complex frameworks [43].

The engineering of fuzzy logic framework comprises three principle parts as shown in the accompanying
figure. Initially, it changes over framework contributions to the fluffy sets gave in the fuzzification module.
The standards area depicts the circumstances that decide the yields of the framework’s fluffy rationale
approach. These circumstances show which articulation should be yielded against the changing info
articulations of the framework [44]. At long last, the defuzzification module changes over the fluffy set
produced by the surmising motor to net worth. Along these lines, the framework yields give diverse yield
esteems as indicated by the guidelines in Figure 5 [45].

Rules
Crisp Fuzzifier Defuzzifier ) Crisp
input output

F 3

h 4

Fuzzy Fuzzy
input Intelligence output

set set

Figure 5. Fuzzy logic process [45].

6. FUZZY-BASED RULES

Based on the explanations in Section 4 (Data Mining Based Discovered Inferences), eight criteria — fuzzy-
based rules — have been found to be “key value” and have been listed in the following.

Using any pre-determined model or method in the software development process: While developing a
software project, it means benefiting from the models and methods that have been previously used, tested
and operated by some employees.

Dependent on any software development method in the software development process: When developing
the software project, the software development process under the main headings such as “heavy-weight” or
“lightweight” is put into a specific plan. The use of one or more of the methods means benefiting from
these.
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Whether developed software makes it easier for customers to do their job or not: A software is developed
based on the customer’s wishes and requirements is expected to facilitate the solution of the existing
problem. If it makes the work done earlier more complicated, the effectiveness of the software produced
has to be questioned.

In the software development process, to do the process of erroneous, exceptional situation: software
development process in the coding part of the program when writing, “error handling” and “exception
handling” are expected to be used; otherwise, the developed program will produce erroneous results in the
test section, meaning that it will collapse, and as a result, the desired product will not emerge.

Whether the developed software has good quality or not: The essential aim of the software development
process is producing and developing qualified software, which is the sine qua non of the “Software
Engineering”.

In the software development process, pay attention to the concept of “re-usability”: As in other projects
rather than software, it is inevitable to use some modules, some functions or some structures previously
created in developing software projects, and this is in fact a facilitating feature. The higher the concept of
re-usability, the lower the cost of the software development process.

To develop reliable/secure code while developing software: In order to ensure reliable operation of the
product that will be produced during the software development process and to give the desired results, it
requires the reliable writing of the program of the software, which means that the codes of the program are
developed according to the reliable structure.

Whether the developed software is understandable and usable or not: The developed software must be able
to be used in a practical way by customers to produce solutions to existing problems; for this to be effective,
the product in hand is understandable and therefore should be usable.

7. CONCLUSION

Based on the explanations in Section 4 (Data Mining Based Discovered Inferences), software development
methodology brings with software quality, reusability, usability and understandability and modularity
together. The attribute of “software quality” is the main aim of a software development method in software
quality standards. In addition, the attribute of “reusability” provides software developers to use some
methods and models or some classes and packages or some code parts which have been designed and
developed before while developing software, shortly, it provides to re-use. Moreover, the attributes of
“usability” and “understandability” go in the same direction together since if one uses software, this means
s/he can understand that or if one understands software, this means s/he can use that. Also, these attributes
show up in the result that a software development method requires systematic work based on a schedule.
As a result of this, systematic work creates more usable and more understandable software by software
developers. Furthermore, the attribute of “modularity” helps software developers to design and develop
software class by class or package by package or module by module or part by part.

Based on the explanations in section 6 (fuzzy-based rules), the criteria for the measurement and evaluation
of the software development, which are the result of our research and which are taken into consideration as
a result of the analyses: software development process by relying on a specific method, taking care of
reliable code writing, using tried and tested models, developing a product that is understandable and error-
free by focusing on problem solving and, of course, as a result of which is an important point for software
engineering. So, it shows that the gold of the concept has to be filled with concrete data.

In this context, the first goal in this study is to find the relationships between the software parameters, and
software engineering terms and topics which affect objective criteria that are given value much more by
solving these relationships. Afterwards, the ex-post aim is to minimize some bad things in software crisis
in software engineering, such as, over-budget, over-time, low quality, not meeting requirements,
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inefficiency according to the results of the survey. If the designed and developed software parameters,
which have been formed and specified based on the software experts’ thoughts, achieve the goal, maybe,
the term software crisis in software engineering will disappear in the near future.

“You can’t manage the process which you don’t measure.” This statement which is claimed to be said by
Peter DRUCKER shows that the software development process has to be measured by clear and objective
variables. Thus, some reliable data are specified and determined so that this software development process
can be managed by benefiting from these trustworthy results. According to the results of these designed
and developed software parameters, manpower, what is the main resource of software development process
will have been used more effectively. And then, the benefits of the “Software Engineering” may be seen
more tangible. As a natural result of this, software crisis may die out.
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Ozet

Yapilardaki deprem hasarinin tahmini, can ve mal kaybini énleme acgisindan oldukga énemlidir. Hasar
tahmini, plastik mafsal parametrelerinin ve sekil degistirme sinir durumlarinin gergek yapi davranisini
yansitmasi oraninda basarili olmaktadir. Yapi tasariminda ve mevcut yapi degerlendirmesinde cesitli
standartlar ile plastik mafsal parametreleri ve sekil degistirme sinir degerleri belirlenmistir. Federal Acil
Durum Yénetim Kurumu (FEMA) ve Amerikan insaat Muhendisleri Birligi (ASCE) bu alanda éncii
olmusglardir. Deprem ydnetmeliklerimiz igerisinde ilk kez Tlrkiye Bina Deprem Yoénetmeligi 2018’ de
(TBDY-2018) celik yapi elemanlari icin sekil degistirme sinir degerlerine yer verilmistir. Bu ¢alisma ile
FEMA 356, ASCE 41-06, ASCE 41-13 standartlarinda ve TBDY-2018’ de yer alan ¢elik kiris ve kolon igin
plastik mafsal parametreleri ve sekil degistirme sinir degerleri karsilastiriimistir. TBDY-2018 ile Amerikan
standartlari arasindaki iliski ve TBDY-2018’ in eksik yénleri belirlenmigtir. iki farkli nimerik analiz ile
Amerikan standartlarinin ve TBDY-2018’ in belirledigi yapisal hasar duzeyleri arasindaki farklar ortaya
konmustur. FEMA 356 ve ASCE 41-06 standartlari, ASCE 41-13 standardi ve TBDY-2018 dikkate
alinarak yapilacak hasar tahminlerinde kolon ve kiris elemanlar igin farkli hasar durumlarinin tahmin
edilecegi tespit edilmigtir.

Anahtar Kelimeler: celik yapi, plastik mafsal, yapisal hasari, sekil degistirme

Comparative Investigation of Plastic Hinge Parameters and Strain
Limit States of Steel Beam and Column

Abstract

Estimation of earthquake damage on structures is quite important in terms of preventing loss of life and
property. Damage estimation is successful at the rate that plastic hinge parameters and strain limit states
reflect actual structure behavior. In building design and evaluation of the existing building, plastic hinge
parameters and strain limit states have been determined with various standards. The Federal Emergency
Management Agency (FEMA) and the American Association of Civil Engineers (ASCE) have been
pioneers in this field. For the first time among our earthquake codes, Strain limit states are given for
members of steel structures in the Turkish Seismic Code for Buildings 2018 (TSCB-2018). With this
study, plastic hinge parameters and strain limit states of steel beam and column in FEMA 356, ASCE 41-
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06, ASCE 41-13, and TSCB-2018 have been compared. The relationship between TBDY-2018 and
American standards and the deciencies of TBDY-2018 have been determined. The differences between
the earthquake damage levels determined by the American standards and the TBDY-2018 have been
revealed by two different numerical analyses. It has been determined that different limit states will be
estimated for column and beam elements in the damage estimates to be made taking into account FEMA
356 and ASCE 41-06 standards, ASCE 41-13 standard and TBDY-2018.

Keywords: steel structure, plastic hinge, earthquake damage, strain

1. GIRIS

Yapilar, ekonomik Omiirleri boyunca ¢esitli yiiklere maruz kalirlar. Yapilara etkiyen dis etkenlerin
basinda deprem yer hareketi gelmektedir. Yap1 sistemindeki diizensizlikler, tasarim hatalar1 ve ekonomik
omriin tamamlanmis olmasi yapilarin depremde hasar gérmesine neden olmustur. Depremin yapilar
tizerinde yikici etkisi oldugu bilindiginden arastirmacilar, schirlerin deprem risklerini belirlemeye
calismislardir. [1] ile kentlesme ve niifus yogunlugunun deprem riski yiiksek bolgelerde arttigi belirtilerek
Hirvatistan’daki sehirlerin deprem riskinin bina bazinda belirlenmesine yonelik bir tahmin modeli
onerilmistir. [2] ile Kolombiya’nin ii¢ biiyiik sehrindeki konut binalarinin deprem risk degerlendirmesi
yapilmigtir. Cali’ deki ekonomik kaybin Bogota” ve Medellin’ den daha fazla olacagi tahmin edilmistir.
Yapilarin deprem performanslarinin belirlenmesi, sehirlerin deprem risklerinin degerlendirilmesinde
Oonemli bir unsur olarak karsimiza ¢ikmaktadir [1, 2].

Yapilan literatiir arasgtirmasiyla celik yapi deprem performansinin tahmin edilmesi ve performansi
etkileyen unsurlar agisindan cgesitli calismalarin yapildigi goriilmistiir. 1/8 6lgekli iki adet dort kath
diizlem ¢elik gergevenin gogme durumu sayisal olarak tahmin edilmistir [3]. Genis baslikli gelik kiriglerin
donme kapasitelerinin ve siinek davraniglarinin tahminine yonelik bir dizi ¢alisma yapilmistir [4, 5]. Celik
bir kolonun temel birlesimi ele alinmistir. Birlesimin donme kapasitesini teorik bir model iizerinden
tahmin etmeye c¢alismiglardir [6]. Alin levhali kolon-kiris birlesimlerinin analizi ile gé¢me durumlar
tahmin edilmistir [7]. Siineklik etkisinin moment aktaran gelik ¢ercevelerin sismik performansina olan
etkisi incelenmistir [8]. Yapisal ¢elik elemanlarin sekil degistirme kapasitelerini ve baslik narinliginin
dénme kapasitesine olan etkisi incelemistir [9]. Genis baslikli kolon elemanlarinda dongiisel davranis ve
plastik mafsal olusumu analitik olarak ele alinmistir [10]. Calismada W kesit profillerin sonlu eleman
modelleri kullanilmustir. [11] ile gelik elemanlar igin Eurocode (EC) 8-3” de tanimlanan sekil degistirme
sinir degerleri incelenmistir. Plastik donme kapasiteleri, ASCE 41-06 ve ASCE 41-13 standartlariyla
karsilagtirilmigtir. Betonarme elemanlar icin Deprem Bolgelerinde Yapilacak Binalar Hakkinda
Yonetmelik (DBYBHY-2007) ile TBDY-2018’deki kesit hasar sinir durumlarmin Karsilastirmasi
yapilmustir [17]. [18] ile malzeme modellemesini ve sekil degistirme sinirlarini dikkate alan gelismis bir
analiz yontemi ile ¢elik cerceve tasarimi yapilmistir.

Yapisal celik ile iiretilen yapilar, celigin siinek davranisindan dolay1 yiiksek sekil degisimleri yapabilir ve
plastik teoriye gore tasarlanabilirler [19]. Celik yapilarin deprem performaslarinin tahmininde malzeme
davraniginin  dikkate alinmasi ve geometri degisimlerinin denge denklemlerine eklenmesi 6nem
tasimaktadir. Malzemenin dogrusal olmayan davraniginin goz Oniine alinmasi, plastik mafsal tanimiyla
miimkiin olmaktadir. Geometri degisimlerinde ise ikinci mertebe etkileri dikkate alinir [20, 21].

Yapinin deprem performansinin belirlenebilmesi i¢in yapisal elemanlara plastik mafsal tanimi yapilarak
hangi kesit tesiri etkisinde yapisal elemanlarda ne l¢iide hasar olusacaginin 6ngoriilmesi gerekmektedir.
Plastik mafsal tanimi, plastik mafsal modelleme parametreleri ile yapilmaktadir. Sekil degistirme smir
degerleri, deprem etkisi altindaki elemanlarda olusan hasarin ne oOlgiide olacagmin tahmininde
kullanilmaktadir. Doksanli yillardan bu yana yap1 tasariminda ve mevcut yapi degerlendirmesinde ¢esitli
standartlar ile plastik mafsal modellemesine iligkin parametreler ve sekil degistirme sinir degerleri
belirlenmigtir.
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Plastik mafsal modelleme parametreleri ve sekil degistirme sinir degerlerinin veri olarak tasarimcilara
sunulmasi agisindan Federal Acil Durum Yonetim Kurumu (Federal Emergency Management Agency -
FEMA) ve Amerikan Ingaat Miihendisleri Birligi (American Society of Civil Engineers - ASCE) &ncii
olmuslardir. Deprem yonetmeliklerimiz icerisinde ise ilk kez, Tiirkiye Bina Deprem Yo6netmeliginde
(TBDY-2018) ¢elik yap1 elemanlari igin sekil degistirme smir degerlerine yer verilmistir. Sekil 1 ile
FEMA, ASCE standartlarina ve TBDY-2018’ e ait zaman akis semasinin gdsterimi yapilmistir.

FEMA 178 FEMA 310 ASCE31-03 ASCE41-13 ASCE41-17
YILLAR l l l YILLAR
I 1 1 1 1 1 1 1 ]
I T T T T T T T 1
1==0 1g23 T 2000 2005 T 2010 2015 T 2020
FEMA 273 T ASCE41-06 TBDY -2018
FEMA 356

Sekil 1. Zaman akis semast

TBDY-2018 de plastik mafsal modelleme parametrelerinin bulunmadigi goriilmiistir. Ote yandan
TBDY-2018" in EK 5C’ si, ¢elik elemanlar i¢in izin verilen sekil degistirme siirlart hakkinda bilgi
vermektedir. Tablo 5C.1 ile gelik kiriglerde plastik donme sinirlart ve Tablo 5C.2 ile gelik kolonlarda
plastik donme simirlar1 tanimlanmigtir. Yapilan kapsamli literatiir aragtirmasiyla Tablo 5C.1 ve Tablo
5C.2’ deki verilerin, farkli standartlar ile karsilastirilarak irdelenmedigi anlasilmistir.

Bu ¢alismada FEMA 356, ASCE 41-06, ASCE 41-13 standartlarinda ve TBDY-2018" de yer alan gelik
kiris ve kolon elemanlari i¢in plastik mafsal modelleme parametreleri ve sekil degistirme sinir degerleri
karsilastirilmistir. TBDY-2018 ile Amerikan standartlar1 arasindaki iliski ve TBDY-2018” in eksik
yonleri belirlenmistir. Calisma kapsaminda tek katli diizlem gelik bir ¢ergeve ile iki kath ¢elik bir yapinin
kolon ve kirig elemanlarindaki plastik mafsal olusumu ve elemanlardaki hasar diizeyleri incelenmistir.

Iki farkli niimerik analiz ile Amerikan standartlarinin ve TBDY-2018’ in belirledigi yapisal hasar
diizeyleri arasindaki farklar ortaya konmustur. TBDY-2018’de plastik mafsal parametrelerinin olmadigi,
hasar diizeyleri arasinda farkliliklar oldugu ve beklenen egilme dayanimi hesabi i¢in denklem eklenmesi
gerektigi tespit edilmigtir.

2. MODELLEME PARAMETRELERIi VE KABUL KRITERLERI

Celik Yapilarin Tasarim, Hesap ve Yapimina Dair Esaslar (CYTHYDE-2018) ile plastik mafsal, dogrusal
elastik olmayan sekil degistirmelerin y18ildig1 bolge olarak tanimlanmistir. Modelleme parametreleri,
plastik mafsal taniminda kullanilan parametreler olup akma doénmesi ve artik dayanim oranindan
olusmaktadir. Akma dénmesi, akma aninda kesitte meydana gelen donme degeri iken artik dayanim orani,
hasarli bir kesitin gogmeden tasiyabilecegi yiik orani olarak tanimlanir [27].

Plastik mafsal taniminda akma dénmesinin ve beklenen egilme dayaniminin hesaplanmasi gerekmektedir.
Plastik mafsallarin modellenmesine ve mafsallarin ne Ol¢iide sekil degistirdigine iligkin ¢esitli
standartlarda modelleme parametrelerine ve sekil degistirme sinir degerlerine yer verilmistir. Sekil
degistirme smir degerleri, FEMA ve ASCE standartlarinda kabul kriterleri olarak adlandirilmisken
TBDY-2018’ de sekil degistirme sinirlari olarak adlandirilmistir.
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2.1 Akma Donmesinin Hesaplanmasi

Kolon ve kirig elemanlari i¢in akma donmesinin gosterimi, Sekil 2 ile yapilmistir. Sekil 2°de yer alan 6
elastik ve plastik donme miktarinin toplamini, Gy akma donmesini, A elastik ve plastik deplasmanin
toplamini, Ay akmadaki deplasmani, L eleman uzunlugunu ifade etmektedir [13, 14, 25].

Sekil 2. Kesit donme tanimlari

FEMA-356, ASCE 41-06 ve ASCE 41-13 standartlarinda kiris akma dénmesi (6y), (1) denklemi ile
TBDY-2018de (2) denklemi ile hesaplanmaktadir. (1) denklemindeki Z, kesit plastik modiili Fye,
malzemenin beklenen akma dayanim, lb, kiris uzunlugu, E, elastisite modiilii, b, kiris atalet momenti ve
(2) denklemindeki Wp, kesit plastik modiilii olarak tanimlanir. (2) denklemindeki diger ifadeler, (1)
denklemindeki ile aymdir.

g - ZFyeIb 1

= 1
W F I

g =_P P ye'b

FEMA-356, ASCE 41-06 ve ASCE 41-13 standartlarinda kolon akma dénmesi (6y), (3) denklemi ile
TBDY-2018’de (4) denklemi ile hesaplanmaktadir. (3) denklemindeki, lc, kolon uzunlugu, Ic, kolon atalet
momenti, P, mevcut eksenel yiik, Pye, kolonun eksenel akma yiikii, (4) denklemindeki Ik, kolon uzunlugu,
Ik, kolon atalet momenti olarak tanimlanir.

ZF | P
6, =—L°|1-—
Y 6EI, [ P ] )

ye
W _F_I P

0,=— y”[l—} 4)
’ BEI P,

(3) denkleminde bulunan Pye, kolonun eksenel akma yiikii olup (5) denklemi ile hesaplanmaktadir [13,
14, 25]. (5) denklemindeki Ag, kesit alan1 olarak tanimlanr.

P.=AF ®)

ye g ye

2.2 Beklenen Egilme Dayaniminin Hesaplanmasi

FEMA-356, ASCE 41-06 ve ASCE 41-13 standartlarinda kiris elemanlar1 i¢in beklenen egilme dayanim
(Mckg), (6) denklemi ile hesaplanmaktadir.

M = ZF, (6)
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FEMA-356, ASCE 41-06 ve ASCE 41-13 standartlarinda kolon elemanlar1 i¢in beklenen egilme
dayanimi (Mce) (7) denklemi ile hesaplanmaktadir.

M e =1.182Fye[1—:J @)

ye

TBDY-2018" de kolon ve kiris elemanlari i¢in plastik mafsal tanimlamasina yonelik beklenen egilme
dayanimina iligkin herhangi bir denklem Onerilmemistir.

2.3 Standartlardaki Modelleme Parametreleri ve Kabul Kriterleri

FEMA 356, ASCE 41-06 ve ASCE 41-13 standartlarinda yapisal c¢elik bilesenlerin hasar sinir
durumlarinin degerlendirilmesi, dogrusal ve dogrusal olmayan prosediir olmak {izere ikiye ayrilmaktadir.
Dogrusal analiz ile degerlendirme yapilmasi durumunda dogrusal prosediir kabul kriterleri, dogrusal
olmayan analiz ile degerlendirme yapilmasi durumunda ise dogrusal olmayan prosediir kabul kriterleri
kullanilmaktadir.

Sekil 3 ile genellestirilmis kuvvet-deformasyon grafiginin ve kabul kriterlerinin gdsterimi yapilmistir.
Grafikteki a ve b plastik donme agis1 cinsinden modelleme parametreleriyken c, artik dayanim oranidir.
Q, kuvveti Qy ise akmadaki kuvveti simgelemektedir. Egilme etkisiyle plastik mafsal olusan kesitler i¢in
Q, egilme momentine karsilik gelmektedir. Sekil degistirme sinir degerleri Immediate Occupancy (I1O),
Life Safety (LS) ve Collapse Prevention (CP) olarak adlandirilirlar (FEMA-356; ASCE 41-06; ASCE 41-
13).

Q/Qy

+
c
']

0

o

Sekil 3. Genellestirilmis kuvvet-deformasyon iligkisi ve kabul Kriterleri

Tablo 1 ile FEMA 356, ASCE 41-06 ve ASCE 41-13 standartlarinda yer alan kiris ve kolon elemanlari
icin dogrusal olmayan prosediir kapsaminda verilmis olan modelleme parametrelerinin ve kabul
kriterlerinin gosterimi yapilmisgtir. Tablo 2°de TBDY-2018" deki kabul kriterlerine (sekil degistirme
simirlar1) yer verilmigti. ~ TBDY-2018 ile modelleme parametresi icin herhangi bir Oneride
bulunulmamustir.

Celik bir kesit i¢in Tablo 1°deki bf baslik genisligini, tf baglik kalinligini, h Kesit yiiksekligini, tw govde
kalinligini, PcL beklenen eksenel basing dayanimini, P eksenel yiikii ifade etmektedir. Tablo 17 deki (*)
verileri, ASCE 41-13 standardina aittir. (*) verilerinin haricinde kalan diger veriler, bu {i¢ standart i¢in
ortaktir. Tablo 1 incelendiginde kiris ve kolon elemanlar1 i¢cin FEMA 356 ve ASCE 41-06
standartlarindaki modelleme parametrelerinin ve kabul kriterlerinin ayni oldugu goriilmektedir. ASCE 41-
13 standardindaki kabul kriterleri ise FEMA 356 ve ASCE 41-06 standartlarindan farklidir. Yine Tablo 1
incelendiginde kiris elemani i¢in modelleme parametrelerinin ve kabul kriterlerinin kesitin narinligi ile
ilgili oldugu, kolon elemani i¢in bu parametrelerin ve kriterlerin hem kesit narinligi hem de eksenel yiik
diizeyi ile ilgili oldugu goriilmektedir. Benzer durum, TBDY-2018 i¢in de gecerlidir.
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Tablo 1. FEMA 356, ASCE 41-06, ASCE 41 — 13’deki dogrusal olmayan prosediir igin modelleme
parametreleri ve kabul kriterleri

Modelleme Parametreleri Kabul Kriterleri

Artik
FEMA 356, ASCE 41- Plastik Donme Dayammm  Plastik Donme Agisi, Radyan
06, ASCE 41 - 13 Agisi, Radyan Oram
Eleman/Etki a b C 10 LS CP
Kiris-Egilme
. F..
I bf72tf < 52/'\:/Tve 96y 116y 0.6 16y gﬁy* f% .
wow <418/ % y
" F.
ii. bf72tf > 65;\ﬁya da 40y 60y 0.2 0,250y gey* iZy*
wow > 640/(F» % 4
iii. Diger durumda Hem bagslik narinligi (birinci terim) hem de gdovde narinligi (ikinci terim) i¢in i ve ii

satirlarindaki degerler arasinda dogrusal enterpolasyon yapilacak ve elde edilen en
disiik deger kullanilacaktir.
Kolon-Egilme

P/PcL < 0,20

. [F.

"bf/zrfS”/F " ve 96y 116y 0,6 16y gzy* f%y*

h/tw < 300/V " 4

" [F.

. bfr2if = 65; Tyada 66y 0,2 0,256y ggy . jzyy*

h/tw > 460/V " 4

iii. Diger durumda Hem bagslik narinligi (birinci terim) hem de gdévde narinligi (ikinci terim) i¢in i ve ii

satirlarindaki degerler arasinda dogrusal enterpolasyon yapilacak ve elde edilen en
disiik deger kullanilacaktir.
Kolon-Egilme

0,20 < P/PcL < 0,50

i, b2 < 52/\/FTe ve 8(1-1.7 P/PcL) 11(1-1.7 P/PcL)
Ve 11(1-1.7  17(1-1.7 0.2 0.250 Oy Oy

h/tw < 260/V" P/Pcl)dy PI/PcL)gy O 14(1-1.7 17(1-1.7 P/PcL)

P/PcL)fy* Oy*

i bf72tf > 65; * ya da 10y 1,56y 0.2 0,250y ?;Zy* ??Zy*

Wow > 400 e e

iii. Diger durumda Hem bagslik narinligi (birinci terim) hem de govde narinligi (ikinci terim) i¢in i ve ii

satirlarindaki degerler arasinda dogrusal enterpolasyon yapilacak ve elde edilen en
disiik deger kullanilacaktir.

TBDY-2018’ de kiris ve kolon elemanlar i¢in izin verilen sekil degistirme sinirlari, farkli performans
diizeyleri (kabul kriterleri) i¢in plastik donme cinsinden verilmistir. Celik kirislerde ve kolonlarda
siineklik diizeyi, TBDY-2018" deki Tablo 9-3’ de tanimlanan en kesit kosullar1 dikkate alinarak
belirlenmekte olup P/Pc > 0,50 kosulunda olan kolonlarda dogrusal olmayan sekil degistirmelere izin
verilmemektedir. Tablo 2, TBDY-2018’ deki Tablo 5C.1. ile 5C.2. yardimiyla olusturulmustur. Tablo 2’
deki Pc beklenen eksenel basing dayanimini ve P eksenel yiikii ifade etmektedir.

FEMA 356, ASCE 41-06 ve ASCE 41-13’ de kabul kriterleri Immediate Occupancy (I0), Life Safety
(LS) ve Collapse Prevention (CP) olarak tamimlamrken TBDY-2018" de SH, KH ve GO olarak
tanimlanmigtir,. TBDY-2018" de SH sinirli hasar performans diizeyini, KH kontrollii hasar performans
diizeyini ve GO gdgmenin 6nlenmesi hasar performans diizeyini ifade etmektedir. 10, SH’ ye LS, KH’ ye
ve CP, GO performans diizeyine karsilik gelmektedir. SH, bina tasiyici sistem elemanlarinda sinirh
diizeyde hasarin meydana geldigini, dogrusal olmayan davranigin simirli kaldigini; KH, can giivenligini
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saglamak tizere bina tastyici sistem elemanlarinda ¢ok agir olmayan ve ¢ogunlukla onarilmasi miimkiin
olan hasarin oldugunu ve GO, bina tasiyici sistem elemanlarinda ileri diizeyde agir hasarin oldugunu
isaret etmektedir (TBDY-2018).

Tablo 2. TBDY-2018’deki dogrusal olmayan prosediir i¢in modelleme parametreleri ve kabul kriterleri

Kabul Kriterleri

Modelleme Parametreleri (Sekil Degistirme Simirlar)
Artik

Plastik Donme Dayam Plastik Donme Acisi, Radyan
TBDY-2018 Agisi, Radyan m Orani
Eleman/Etki a b c SH KH GO
Kiris-Egilme
i. Siineklik diizeyi
yiiksek (Bkz. Tablo 9-3) - - 18y 60y 9y
ii. Stineklik diizeyi
sinirli (Bkz. Tablo 9-3) o o o 0,256y 3ty 0y

Kolon-Egilme
P/Pc< 0,20 (Bkz. Tablo 9-3)
i. Stineklik diizeyi

yiiksek --- --- --- 10y 66y 96y

ii. Stineklik diizeyi

sty --- --- --- 0,256y 36y 46y
Kolon-Egilme

0,20 <P/Pc< 0,50 (Bkz. Tablo 9-3)

i. Siineklik diizeyi L L L 1,5(1-1,66 P/ 9(1-1,66 P/ 13,5(1-1,66
yiiksek Pc)8y Pc)by P/ Pc)Gy

ii. Stineklik diizeyi

stmrly --- --- --- 0,256y 0,760y 16y

3. NUMERIK CALISMA

Niimerik ¢aligma, yapisal analiz ve tasarim yapabilen Sap2000 bilgisayar programi ile yapilmistir.
Yapisal ¢elik malzemesi olarak programin 6ntanimli malzeme listesinden tercih yapilmis olup, EN 1993-
1-1’ e gore EN 10025-2 standardindaki S275 kalitesinde malzeme kullanilmistir. Malzemeye ait gerilme
sekil degistirme egrisi, Sekil 4 ile gdsterilmistir. Calismada diizlem c¢elik bir ¢ergeve ve iki katli ¢elik bir
yapt1 ele alinmistir.

0 0,05 0,1 0,15 0,2 0,25
Sekil degistirme (mm/mm)

Sekil 4. Yapisal ¢elik malzemesi
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3.1 Diizlem Celik Cergeve

Yap1, tek agiklikli tek kath diizlem celik gergevedir. Agiklik 5 metre ve kat yiiksekligi 4 metredir.
Kolonlar ve kirig kesitleri, kuvvetli eksenleri yoniinde analiz edilmislerdir. Cergeve zemine ankastre
baglanmistir. Kiris tizerinde (—Z) yonlii 260 kKN, 60 KN ve 700 kN noktasal yiik bulunmaktadir. Cergeve
tizerindeki diisey yiikler ve yanal yiik uygulama noktalari, Sekil 5.a ile gosterilmistir. 60 kN degerindeki
tekil yiik, kirig agikliginin orta noktasindadir. Cergeve zati agirligi ve kiris yiiklerinden olusan tek bir
kombinasyon altinda CYTHYDE-2018" e gore boyutlandirilmistir. Boyutlandirmada Yiik ve Dayanim
Katsayilar1 ile Tasarim (YDKT) yaklasimi kullanilmis olup, kolonlar i¢in Boliim 11’ deki, kirisler i¢in
Bolim 9’ daki esaslar dikkate alinmistir. Kolonlar HE240A ve kirisler HE200A olarak tasarlanmistir.
Zemin kat kolonlari i¢in P/PcL orani sol kolon i¢in 0,103 ve sag kolon i¢in 0,490 olarak hesaplanmis olup,
Sekil 5.b ile kolonlardaki P/PcL oranlart gésterilmistir.

260 kN 60 kN 700 kN

R

Yanal yiik —»

Sol kolon Sag Kolon
Z /[ 0,103 0,490
X 1
a. b.

Sekil 5.a. Cergeve yiikleri b. P/PcL orani

Cercevedeki maksimum moment noktalarinda plastik mafsal olusacagindan kolon, kiris u¢ noktalarina ve
kiris agikliginin orta noktasina plastik mafsal tanimlamasi yapilmustir.

Tablo 3. Standartlara gore hesaplanan modelleme parametreleri ve kabul kriterleri

Modelleme Parametreleri Kabul Kriterleri

Plastik donme acis1 Artik dayanim
Standart (radyan) orani Plastik donme agis1 (radyan)
Kiris a b c 10 (SH) LS (KH) CP (GO)
FEMA 356 40y 66y 0,2 0,256y 26y 36y
ASCE 41-06 406y 66y 0,2 0,250y 26y 36y
ASCE 41-13 46y 66y 0,2 0,256y 36y 40y
TBDY-2018  --- 0,250y 30y 40y
Sol Kolon a b c 10 (SH) LS (KH) CP (GO)
FEMA 356 46y 66y 0,2 0,256y 26y 36y
ASCE 41-06 46y 66y 0,2 0,256y 26y 36y
ASCE 41-13 46y 66y 0,2 0,256y 30y 46y
TBDY-2018  --- 0,256y 30y 46y
Sag Kolon a b c 10 (SH) LS (KH) CP (GO)
FEMA 356 16y 1,56y 0,2 0,256y 0,56y 0,86y
ASCE 41-06 16y 1,56y 0,2 0,250y 0,56y 0,86y
ASCE 41-13 16y 1,50y 0,2 0,250y 1,26y 1,20y
TBDY-2018  --- 0,250y 0,76y 16y

Plastik mafsal tanimlamalarinda kullanilan modelleme parametreleri ve sekil degistirme sinir durumlarin
belirleyen kabul kriterleri i¢in hesaplanan degerler, Tablo 3 ile gdsterilmistir. Tablo 3 deki modelleme
parametreleri ve kabul kriterleri, Tablo 1 ve Tablo 2’ deki veriler kullanilarak hesaplanmigtir. TBDY -
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2018’ ¢ ait verilerin hesaplanmasinda TBDY-2018 de yer alan Tablo 9-3’den yararlanilmistir. Sekil 6 ile
plastik mafsal modelleri tizerinde ilgili standartlara ait sekil degistirme sinirlar1 gosterilmistir. Sekil 6.
daki M, momenti ve Q, donme degerini simgelemekte olup Sekil 6.a’ daki M/My = 1,12 iist degeri ile
Sekil 6.b* deki M/My = 1,03 iist degeri, FEMA ve ASCE standartlarinin 6nerdigi %3 egim kabuliine gore
hesaplanmistir. Akma dénmesi hesabinda (1), (2), (3), (4) ve (5) denklemleri kullanilmistir. Beklenen
egilme dayanimimin hesabinda (6) ve (7) denklemleri kullanmilmistir. Cerceveye plastik mafsal
tanimlamasi ve yilikleme durumlari tanimlandiktan sonra sabit tek modlu itme analizi yapilmstir.
Geometri degisimlerinde ikinci mertebe etkileri dikkate alinmistir. Yanal yiik miktart arttirilmis olup, her
bir yanal ylik miktart i¢in ¢ergevedeki sekil degistirme durumlart ele alinan standartlar kapsaminda
gbzlemlenmistir.
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Sekil 6.a. Kiris ve sol kolon mafsal tanimi1 b. Sag kolon mafsal tanimi

Cercevenin taban kesme kuvveti — tepe deplasman deger ciftleriyle performans egrisi olusturulmustur.
Cergeve, mekanizma durumuna geginceye kadar itilmistir. Sekil 7 ile performans egrisinin goésterimi
yapilmigtir. Diisey yiiklerin dagilimima ve biytikliigiine bagli olarak cergevede sadece sag kolon alt
ucunda plastik mafsal olusumu incelenmistir. Yiikleme ile kolonlarda, 0,20 < P/PcL < 0,50 ve 0,20 <
P/Pc< 0,50 kosullarinin saglanabilmesi hedeflendiginden g¢ergeve siinek davranis sergilememistir.
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Sekil 7. Cergeve performans egrisi

105 kN ve 110 kN yanal yiik etkisindeki cergevede olusan sekil degistirme dereceleri incelenmistir. Tablo
4 ile 105 kN ve 110 kN yanal yiik etkilerindeki kesitlerde olusan hasar diizeyleri gosterilmistir. Her iki
yiik durumu igin FEMA-356 ve ASCE 41-06 standartlarinda sonuglar aynidir. 105 kN yanal yiik etkisinde
ASCE 41-13 ve TBDY-2018 hasar diizeyleri ayn1 iken 110 kN yanal yiik etkisinde ise farklidir. 105 kN
yiik etkisi altinda FEMA-356 ve ASCE 41-06 standartlarinda hasar diizeyi Life Safety (LS) — Collapse
Prevention (CP) arasindadir. ASCE41-13 standardinda ve TBDY-2018’ de hasar diizeyi Immediate
Ocupancy (1O) - Life Safety (LS) arasindadir. 110 kN yiik etkisi altinda FEMA-356 ve ASCE 41-06
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standartlarinda hasar diizeyi Collapse Prevention (CP) diizeyinden ileridir. ASCE41-13 standardinda
hasar diizeyi Immediate Ocupancy (I0) - Life Safety (LS) arasindadir. TBDY-2018’ de hasar diizeyi Life
Safety (LS) - Collapse Prevention (CP) arasindadir.

Tablo 4. Hasar diizeylerinin karsilastirilmasi
Mafsallasma (105 kN yanal yiik etkisinde)

Standart Sol kolon Kiris Sag kolon alt ucu
FEMA 356 LS-CP

ASCE 41-06 LS-CP

ASCE 41-13 10-LS
TBDY-2018 10-LS

Mafsallasma (110 kN yanal yiik etkisinde)

Standart Sol kolon Kiris Sag kolon alt ucu
FEMA 356 >CP

ASCE 41-06 >CP

ASCE 41-13 10-LS
TBDY-2018 LS-CP

3.2 iki kath Gelik Yapi

Yap, iki katli her iki yonde (X ve Y) tek agiklikli ¢elik bir yapi ele alinmigtir. (X) ve (Y) yonlerindeki
aciklik 5 metredir. Kat yiiksekligi 3 metredir. Yap1 zemine ankastre baglanmistir. Kirisler iizerinde (—Z)
yonlii 20 kN noktasal yiik bulunmaktadir. Yiikleme noktalari, Sekil 8.a ile gosterilmistir. Yapi, zati agirlik
ve 20 kN yiiklemeden olusan tek bir kombinasyon altinda CYTHYDE-2018’e gore boyutlandirilmistir.
Boyutlandirmada Yiik ve Dayanim Katsayilari ile Tasarim (YDKT) yaklagimi kullanilmis olup, kolonlar
icin Boliim 11° deki, kirisler i¢in Boliim 9° daki esaslar dikkate alinmistir. Kolonlar HE240A ve kirigler
HE200A olarak tasarlanmistir. Zemin kat kolonlar1 i¢in P/PcL orani 0,143 olarak hesaplanmis olup, Sekil
8.b ile kolonlardaki P/PcL oranlar1 gosterilmistir.
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32
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Sekil 8. a. Ug boyutlu gelik yap1, b. P/PcL orani

Plastik mafsal tanimlamalarinda kullanilan modelleme parametreleri ve sekil degistirme sinir durumlarimni
belirleyen kabul kriterleri i¢in hesaplanan degerler, Tablo 5 ile gosterilmistir. Tablo 5* deki modelleme
parametreleri ve kabul kriterleri, Tablo 1 ve Tablo 2’ deki veriler kullanilarak hesaplanmistir. TBDY -
2018’ e ait verilerin hesaplanmasinda TBDY-2018 de yer alan Tablo 9-3’den yararlanilmistir. Sekil 9 ile
plastik mafsal modelleri tizerinde ilgili standartlara ait sekil degistirme sinirlar1 gosterilmistir. Sekil 9’
daki M, momenti ve Q, donme degerini simgelemekte olup M/My = 1,12 st degeri, FEMA ve ASCE
standartlarinin 6nerdigi %3 egim kabuliine gore hesaplanmistir. Akma dénmesi hesabinda (1), (2), (3), (4)
ve (5) denklemleri kullanilmigtir. Beklenen egilme dayaniminin hesabinda (6) ve (7) denklemleri
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kullanilmigtir. Tablo 5 ile gosterimi yapilan kabul kriterleri, kolon ve kiris elemanlarindaki hasar
diizeylerini igaret etmektedir. Plastik donme agisi arttikca elemandaki hasar artmaktadir.

Tablo 5. Standartlara gore hesaplanan modelleme parametreleri ve kabul kriterleri

Modelleme Parametreleri Kabul Kriterleri

Plastik donme acis1 Artik dayanim
Standart (radyan) orani Plastik donme acis1 (radyan)
Kiris a b c 10 (SH) LS (KH) CP (GO)
FEMA 356 46y 66y 0,2 0,256y 26y 36y
ASCE 41-06 46y 66y 0,2 0,256y 26y 36y
ASCE 41-13 46y 66y 0,2 0,250y 36y 40y
TBDY-2018  --- - - 0,250y 36y 40y
Kolon a b c 10 (SH) LS (KH) CP (GO)
FEMA 356 46y 66y 0,2 0,250y 20y 36y
ASCE 41-06 40y 66y 0,2 0,250y 20y 36y
ASCE 41-13 40y 66y 0,2 0,250y 30y 40y
TBDY-2018  --- --- --- 0,256y 36y 46y
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Sekil 10. Performans egrisi

Yapi, sadece X yonii i¢in sabit tek modlu statik itme analizi ile incelenmistir. Yanal yiik sablonu olarak
iicgen dagilim benimsenmistir. Zemin kat seviyesindeki diigiim noktalarinda X yoniindeki yanal yiik bir
birim iken birinci kat diigiim noktalarinda iki birimdir. Geometri degisimlerinde ikinci mertebe etkileri
dikkate alinmistir.  Kolon-kiris birlesimlerinin moment aktardigi ve birlesimlerde plastik mafsal
olugsmadig kabul edilmistir. Kolon ve kirig kesitleri, kuvvetli yonleri dogrultusunda analiz edilmistir.
Yanal yiik etkisi altinda kolon alt ve iist u¢ noktalari ile kirig baglangi¢ ve bitis noktalarinda plastik mafsal
olusacagi on gorilmiistiir. Her adimda yanal yiik miktar1 arttirilarak yapidaki plastik mafsal olusumunun
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artmasi saglanmistir. Her bir yanal yiik miktar1 ig¢in yapidaki sekil degistirme durumlar1 ele alinan
standartlar kapsaminda incelenmistir. Yapinin taban kesme kuvveti — tepe deplasman deger ciftleriyle
performans egrisi olusturulmustur. Yapi, mekanizma durumuna geginceye kadar itilmistir. Sekil 10 ile
performans egrisinin gosterimi yapilmistir. Sekil 10’ dan de anlasilacag: iizere statik itme analizi, 13
adimda gergeklestirilmistir.

Sekil 11, 13, 14 ve 15 ile yapidaki hasar diizeylerinin gdsterimi yapilmistir. Birinci adimdan dokuzuncu
adima kadar dokuzuncu adimda dahil olmak iizere tiim standartlardaki hasar diizeyleri aynidir. Onuncu
adimda hasar diizeyleri farklilik gostermistir. Tablo 5 incelendiginde FEMA 356 ve ASCE 41-06" deki
kabul kriterleri ile ASCE 41-13 ve TBDY-2018’ deki kabul kriterletinin ayni oldugu goriilmektedir. Sekil
1l.a., 13.a., l4.a. ve 15.4a. ile gosterimi yapilan hasar diizeyleri FEMA 356 ve ASCE 41-06 i¢in
verilmigken Sekil 11.b., 13.b., 14.b. ve 15.b. ile gdsterimi yapilan hasar diizeyleri ASCE 41-13 ve TBDY-
2018 i¢in verilmistir.

Zemin kat kolonlarinin alt uglarinda, X yoniindeki zemin kat ve birinci kat kiriglerinin baslangig¢ (sol uc)
ve bitis (sag ug¢) noktalarinda plastik mafsal olusumu gézlemlenmistir. Go¢me mekanizmasi, zemin kat
kolon alt uglarindaki plastik mafsal olusumuyla meydana gelmistir. Hasar diizeylerinin karsilastirmasi,
Tablo 6 ile gosterilmistir.

Tablo 6. Hasar diizeylerinin karsilastirilmasi

9. adimdaki plastik mafsal olusumu

ZK BK
Kolon  kiris ZK kiris ZK kiris ZK kiris Kkiris BK kiris BK kiris BK kiris
Kolon pdd sol ucu sol ucu sag wucu sag ucu sol ucu sol wucu sag§ ucu sag ucu
Standart hd (rad) hd pdd (rad) hd pdd (rad) hd pdd (rad) hd pdd (rad)
FEMA 356 10 -LS 10 -LS 10 -LS 10 -LS
ASCE 41-06 10 -LS 10 -LS 10 -LS 10 -LS
ASCE 41-13 10-LS 0,0236 10-LS 0,0289 10-LS 0,0286 0,0215 10-LS 0,0204
TBDY-2018 10 - LS 10 - LS 10 - LS 10 - LS
10. adimdaki plastik mafsal olusumu
ZK BK
Kolon kiris ZK kiris ZK kiriy ZK kiris  kiris BK kiris BK kiris BK  kiris
Kolon pdd sol ucu sol ucu sag ucu sag ucu sol ucu sol wucu sag ucu sag ucu
Standart hd (rad) hd pdd (rad) hd pdd (rad) hd pdd (rad) hd pdd (rad)
FEMA 356 > CP 10-LS LS -CP 10 -LS 10 -LS
ASCE 41-06 > CP 10-LS LS -CP 10 -LS 10 -LS
ASCE 41-13 Ls-cp 0087 o s 0038 5 g 0084 5 g 0033 5 g 0032
TBDY-2018 LS -CP 10 - LS 10 - LS 10 - LS 10 -LS
12. adimdaki plastik mafsal olusumu
ZK BK
Kolon kiris ZK kiris ZK kiriy ZK kiris  kiris BK kiris BK kiris BK  kiris
Kolon pdd sol ucu sol ucu sag ucu sag ucu sol ucu sol wucu sag ucu sag ucu
Standart hd (rad) hd pdd (rad) hd pdd (rad) hd pdd (rad) hd pdd (rad)
FEMA 356 >CP LS -CP LS -CP 10-LS 10 -LS
ASCE 41-06 > CP LS -CP LS -CP 10 -LS 10 -LS
ASCE 41-13 Ls-cp 00378 g_s 0043 5 g 0049 5 g 007 5 g 00376
TBDY-2018 LS -CP 10 - LS 10 - LS 10 - LS 10 -LS
13. adimdaki plastik mafsal olusumu
ZK BK
Kolon kiris ZK kiris ZK kiris ZK kirig  Kkirig BK kiris BK kiris BK  kirisg
Kolon pdd sol ucu sol ucu sag ucu sag ucu solucu sol wucu sag ucu sag ucu
Standart hd (rad) hd pdd (rad)  hd pdd (rad) hd pdd (rad) hd pdd (rad)
FEMA 356 > CP LS -CP LS -CP 10-LS LS -CP
ASCE 41-06 > CP LS -CP LS -CP 10-LS LS -CP
ASCE 41-13 scp 00408 5 g 0045 g 0085 g 0046 5 g 00405
TBDY-2018 > CP 10-LS 10-LS 10-LS I0-LS

Tablo 6’daki hd, hasar diizeyini; pdd, plastik donme degerini; ZK, zemin kati; BK, birinci kati
simgelemektedir. Yap1 simetrik oldugundan zemin kat kolonlarindaki, zemin kat ve birinci kat
kirislerindeki hasar diizeyleri ve plastik donme degerleri birbirleri igerisinde aynidir. Bu nedenle, Tablo
6’da tek bir kolon ve hem zemin hem de birinci kattaki tek bir kiris i¢in gdsterim yapilmustir.
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4. TARTISMA

TBDY-2018, betonarme ve c¢elik yapilarim deprem performans kriterlerini igermektedir. Yapilan
kapsamli liteartiir aragtirmasiyla TBDY-2018" de yer alan ¢elik kiris ve kolon elemanlarinin sekil
degistirme sinir degerlerine dair bir ¢alisma olmadigi gorilmistiir. Ancak [17] ile betonarme elemanlar
icin Deprem Bolgelerinde Yapilacak Binalar Hakkinda Yonetmelik (DBYBHY-2007) ile TBDY-
2018’deki sekil degistirme sinir durumlariin karsilastirmasi yapilmistir. [17] ile yapilan g¢alisma hem
betonarme yapi elemanlarini icermesi hem de ulusal yonetmelik disina ¢ikmamasi agisindan bu
caligmadan ayrilmaktadir.

Caligma ile ¢elik kolon ve kiris plastik mafsal parametrelerinin ve sekil degistirme sinir degerlerinin farkli
standartlar kullanilarak karsilastirmasi yapilmigtir. FEMA 356, ASCE 41-06, ASCE 41-13 standartlar1 ve
TBDY-2018 incelenmistir. Calisma kapsaminda tek katli diizlem c¢elik bir ¢erceve ve iki katli her iki
yonde (X ve Y) tek acgiklikli ¢elik bir yapr ele alinmigtir. FEMA 356, ASCE 41-06 ve ASCE 41-13
standartlarinda plastik mafsal modellemelerine, sekil degistirme sinir degerlerine, akma donmesi hesabina
ve beklenen egilme dayanimi hesabina yer verilmistir. Buna karsin TBDY-2018" de plastik mafsal model
parametrelerinin bulunmadigi ve TBDY-2018’in plastik mafsal tanimia yonelik beklenen egilme
dayamiminda iliskin bir denklem oOnermedigi belirlenmistir. TBDY-2018, celik yapilarin deprem
performansinin dogrusal olmayan prosediire gore belirlenmesinde eksik kalmaktadir.

Ulkemizdeki yap1 stogunun, onemli bir boliimiinii betonarme binalarin olusturdugu diisiiniiliirse,
betonarme binalar i¢in farkli standarlardaki mevcut bina degerlendirme prosediirlerinin TBDY-2018” deki
prosediirler ile karsilagtirilmasi 6nerilmektedir.

5. SONUC

Deprem etkisindeki yeni yapilacak ¢elik yapilarin tasariminda ya da mevcut ¢elik yapilarin performans
degerlendirmesinde artan yanal yiikler altinda kolon ve kiris elemanlarinda olusmasi1 muhtemel hasarin
tahmini, yapinin stabilitesini koruma ve go¢mesini engelleme noktasinda biiyiik 6nem tagimaktadir. Hasar
tahmininde plastik mafsal tanimi ve sekil degistirme sinir degerleri (kabul kriterleri) kullanilmaktadir.
Plastik mafsal tanimiyla tasiyici elemanin dogrusal olmayan davranist modellenirken sekil degistirme
sinirlariyla da hasarin ne 6l¢iide olacagi tahmin edilmeye calisilmaktadir.

Tablo 1 incelendiginde FEMA 356, ASCE 41-06 ve ASCE 41-13 standartlarindaki modelleme
parametrelerinin ve 10 kabul kriterinin ayni oldugu buna karsin LS ve CP kriterlerinin farkli oldugu,
Tablo 1 ve 2 incelendiginde TBDY-2018* deki kabul kriterlerinin diger ii¢ standarttan farkli oldugu
gorilmistiir. Kabul kriterleri kapsaminda tiim standartlarin kiris elemani ic¢in kesit narinligini, kolon
elemant i¢in hem kesit narinligini hem de eksenel yiik diizeyini dikkate aldig1 belirlenmistir. Tablo 1 ve 2’
deki kabul kriterleri karsilastirildiginda TBDY-2018 degerlerinin diger standartlardan farkli oldugu
goriilmiistiir. Sekil 1.” deki zaman akig semasi dikkate alindiginda 6nce FEMA 356 sonra ASCE 41-06
sonra da ASCE 41-13 standartlar1 olusturulmustur. Bu nedenle en dogru veri olarak ASCE 41-13 smur
degerleri kabul edilmistir. TBDY-2018 deki kolon-egilme [(0,20 < P/Pc < 0,50) i. siineklik diizeyi
yiiksek] kosulundaki SH kriteri ASCE 41-13" den farkli olup diger bes kosul i¢in aynidir. TBDY-2018’
deki kolon-egilme [(P/Pc < 0,20) ii. siineklik diizeyi sinirli] ve kirig-egilme [ii. siineklik diizeyi sinirli]
kosullarindaki KH ve GO kriteri ASCE 41-13 ile aym olup diger kosullar i¢in farklidir.

Bolim 3.1° deki Diizlem Celik Cerceve, farkli eksenel yiik diizeyindeki iki kolondan ve bir kirigten
olusmaktadir. Sekil 7.a incelendiginde TBDY-2018 ile ASCE 41-13 standartlarinin kabul kriterlerinin
ayni oldugu ancak Sekil 7.b> de ise farkli olduklar1 tespit edilmistir. Sekil 8 ile sabit tek modlu itme
analizi sonucunda ¢ergeve performans egrisi ¢izilmistir. Cer¢eve mekanizmasi olusmaktadir. Analiz ile
sag kolon alt ucunda plastik mafsal olusumu gozlenmistir. Tablo 4 ile farkli standartlardaki hasar sinir
durumlarina yer verilmistir. 105 kN yanal yiik etkisindeki ¢erceve sag kolon alt ucundaki hasar, FEMA
356 ve ASCE 41-06 standartlarina gore LS - CP, ASCE 41-13 ve TBDY-2018 standartlarina gore 1O - LS
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sinirlart arasindadir. 110 kN yanal yiik etkisinde tiim standartlarda hasar artmistir. FEMA 356 ve ASCE
41-06 standartlarina gore hasar > CP, ASCE 41-13 standardinda IO - LS sinirlar1 arasinda ve TBDY-2018
yonetmeligine gore LS - CP sinirlar arasindadir.

Boliim 3.2 deki Iki Katli Celik Yap1 kapsaminda Tablo 5 incelendiginde FEMA 356, ASCE 41-06 ve
ASCE 41-13 standartlarindaki modelleme parametrelerinin ayni oldugu, TBDY-2018" de model
parametrelerinin bulunmadigi gériilmiistiir. Ote yandan kabul kriterleri olarak plastik donme acis1 sinir
degerleri, FEMA 356 ve ASCE 41-06 degerleri ayn1 iken ASCE 41-13 ve TBDY-2018 degerleri de
aynidir. Tablo 6 incelendiginde tiim elemanlardaki hasar diizeyleri, FEMA 356 ve ASCE 41-06 i¢in ayn1
iken ASCE 41-13 ve TBDY-2018 igin de aymdir. Tiim elemanlardaki plastik dénme degerleri arttikca
hasar diizeyinin artti1 belirlenmistir. Onuncu, onikinci ve oniigiincii adimlardaki plastik mafsal
olusumlarinda standartlar arasindaki hasar diizeylerinde farkliliklar oldugu goriilmiistiir. Stineklik diizeyi
sinirh kirisler ve eksenel yiik diizeyi (P/Pc < 0,20) kosulu altindaki siineklik diizeyi sinirli kolonlar i¢in
TBDY-2018 ile ASCE 41-13’ deki plastik donme agisinda bagl olarak sekil degistirme sinir durumlarinin
ayni1 oldugu, bir bagka deyisle hasar tahminlerinin ayni oldugu tespit edilmistir.

TBDY-2018 deki Tablo 5C.1. ile 5C.2.” de yer alan plastik donme smir degerlerinin ASCE 41-13
standardinda yer alan simir degerleriyle birebir uyumlu olmadigi, TBDY-2018" de plastik mafsal
parametrelerinin ve beklenen egilme dayanimlarinin hesabina iliskin herhangi bir denklemin bulunmadig
gorilmistir. FEMA 356 ve ASCE 41-06 standartlari, ASCE 41-13 standardi ve TBDY-2018 dikkate
almarak yapilacak hasar tahminlerinde kolon ve kiris elemanlart i¢in farkli hasar durumlariin tahmin
edilecegi tespit edilmistir. Kiris ve kolon elemanlarindaki hasar tahmini i¢in TBDY-2018" e plastik
mafsal parametrelerinin ve beklenen egilme dayanimi hesabinda kullanilacak denklemlerin eklenmesi
gerekmektedir.
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Ozet

Tark Bina Deprem Yoénetmeligi-2018’de (TBDY-2018) tanimlanan ve disey dogrultuda dizensizlik
durumlarindan biri olan komsu katlar arasi rijitlik dizensizligi (yumusak kat), 6zellikle zemin katlar ticari
amagclar nedeniyle Ust katlardan farkli tasarlanan mevcut betonarme binalarda yaygin olarak
gorilmektedir. Yumusak kat dizensizliginin bulundugu katta yer alan kolonlarda, deprem etkisi altinda
olusan yerdegistirmeler sonucunda kiriimalar gergeklesmektedir. Bu galisma kapsaminda, yumusak kat
dizensizligine sahip mevcut 3, 5 ve 7 katli mevcut betonarme binalarin tasiyici sistem givenlikleri TBDY-
2018’e gore incelenmistir. Mevcut binalarda, kat plani, kesit ve malzeme 6zellikleri ayni olarak alinmistir.
Dogrusal olmayan yodntemlerinden sabit tek modlu itme ydntemi, binalarin deprem performanslarini
belirlemek i¢in kullaniimistir. Bilgisayar analizleri SAP2000 yapisal analiz programi ile gerceklestirilmigstir.
Farkli zemin siniflarinda bulunan binalarin tasiyici sistem elemanlarinda olusacak hasar durumlarini
belirlemek igin, analizler iki farkli zemin sinifi igin yapiimistir. Mevcut betonarme binalarin performans
dizeyleri, farkh kat adetleri ve zemin siniflarina gore karsilastirmali olarak sunulmus ve o6nerilerde
bulunulmustur.

Anahtar Kelimeler: Deprem performansi, Hasar seviyeleri, TBDY-2018, Yumusak kat

Investigation of Seismic Performance of Reinforced Concrete
Buildings Having Stiffness Irregularity between Adjacent Floors

Abstract

Stiffness irregularity between adjacent stories (soft story) which is one of the irregularities in the vertical
direction and defined in the Turkish Building Earthquake Code-2018 (TBEC-2018), is widely seen in
existing reinforced concrete buildings, especially the ground floors of which are designed differently from
the upper floors due to commercial purposes. Fractures occur in columns that exist in the soft story
irregularity as a result of displacements under the influence of earthquakes. In the scope of this study,
structural system safeties of 3, 5 and 7 storey existing reinforced concrete buildings having soft story
irregularity are investigated according to TBEC-2018. Floor plan, section and material properties are
taken as common in the existing buildings. Constant single mode pushover method that is one of the non-
linear methods is utilized to determine the seismic performances of the buildings. Computer analyses are
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performed by SAP2000 structural analysis software. Analyses are performed for two soil classes to
determine the damage situations of the structural members of the buildings located in different soil
classes. Performance levels of the existing reinforced concrete buildings are presented comparatively
according to different story numbers and soil classes and suggestions are made in the end.

Keywords: Seismic performance, Damage levels, TBEC-2018, Soft story

1. GIRIS

Tiirkiye topraklarinin 6nemli bir kismi aktif deprem kusaginda bulunmaktadir. Bunun sonucu olarak,
ozellikle son zamanlarda {ilkemizde yasanan depremler can ve mal kayiplarina neden olmustur. Mevcut
binalarda deprem etkisinde olusabilecek hasar seviyesine bagl olarak degerlendirilen giivenlik durumu,
deprem performansi olarak isimlendirilebilir. Tasiyici sistem diizensizliklerinin yani sira, beton kalitesinin
diistik olmasi, donati korozyonu, tasarim ve uygulama asamasinda yapilan hatalar mevcut betonarme
binalarin deprem performanslarini olumsuz olarak etkilemektedir.

Yumusak kat diizensizligi, Birbirine dik iki deprem dogrultusunun herhangi biri i¢in, bodrum katlar
disinda, herhangi bir i’inci kattaki ortalama goreli kat dtelemesi oraninin bir {ist veya bir alt kattaki
ortalama goreli kat Gtelemesi oranina bdliinmesi ile tanimlanan rijitlik diizensizligi katsayisinin 2.0’den
fazla olmasi durumu olarak TBDY-2018’de tanimlanmustir [1]. Genel olarak, ticari amag ile kullanilan
katlardaki kat yiiksekliklerinin fazla olmasi ve dolgu duvarlarin binadaki diger katlara gére az olmasi
yumusak kat diizensizligine sebep olmaktadir. Yumusak kat diizensizliginin bulundugu katta, deprem
etkisi altinda biiylik yatay yerdegistirmelerin olmasi sonucu, tasiyici sistemde hasarlar olugmaktadir. Bu
sebeple, yumusak kat diizensizligine sahip binalarin deprem performanslarinin farkli yonetmeliklere gore
degerlendirildigi calismalar literatiirde yer almaktadir.

Erdem (2016) ¢alismasinda, yumusak kat diizensizligine sahip mevcut betonarme binalarin tasiyici sistem
giivenligini farkli sartnamelere gore arastirmistir [2]. Comakli (2019) yaptig1 tez ¢caligmasinda, 4, 8 ve 12
katli betonarme cerceve binalar1 farkli zemin kat yiikseklik degerlerini dikkate alarak modellemis ve
binalardaki hasar diizeylerini incelemistir [3]. Altuntop (2007), yumusak kat diizensizligi bulunan iki
boyutlu, farkli kat ve agiklik sayisina sahip modelleri, artimsal itme ve zaman tanim alaninda dogrusal
olmayan analiz yontemleriyle incelemistir [4]. Sensoy (2018) tez calismasinda, 4, 6 ve 8 katli betonarme
binalarda yumusak kat diizensizligini zaman tanim alaninda yaptig1 analizler ile incelemistir [5]. Akansel
V. H. (2017) doktora tez ¢aligmasinda, diiseyde diizensiz betonarme binalarin sismik tepkileri ile kod ve
yonetmeliklerde tanimlanan yumusak kat tanimlarinin ne kadar etkin ve gegerli oldugunu arastirmistir [6].
Kirac ve digerleri (2011) ¢alismalarinda, yumusak kat diizensizligi bulunan farkli kat sayis1 ve kat
yiiksekliklerine sahip betonarme binalarin deprem davranisini aragtirmiglar ve calisma sonucunda
Onerilerde bulunmuslardir [7]. Colunga ve Garcia (2020) calismalarinda, yumusat veya zayif kat
diizensizligi bulunan basitlestirilmis modeller iizerinde yaptiklari analiz sonucglarini, Meksika deprem
sartnamesi kapsaminda degerlendirmis ve Onerilerde bulunmuslardir [8]. Simpson ve Mahin (2018)
caligmalarinda, tasiyici sistemde yumusak kat etkisini azaltmak amaciyla deneysel ve niimerik olarak
aragtirma yapmislardir [9].

Mevcut betonarme binalarin deprem performanslari dogrusal ve dogrusal olmayan ydntemlere gore
belirlenebilmektedir. Bununla birlikte, elastik 6tesi davranisin daha gergekgi olarak incelendigi ve daha
cok parametre ve ayrintili degerlendirme gerektiren dogrusal olmayan analiz yontemlerinin gergege
uygun sonuglar verdigi bilinmektedir. Gelisen bilgisayar teknolojisiyle birlikte, mevcut binalarin
performans durumlarinin dogrusal olmayan degerlendirme yontemlerine gore arastirildigi ¢alismalara ilgi
giderek artmaktadir.
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Kap ve digerleri (2019) makale calismalarinda, 1999 Marmara ve Diizce depremlerinden etkilenmis
mevcut bir okul binasmin analizini STA4-V14.1 programi ile yaparak, deprem performansini
incelemiglerdir [10]. Soni ve Mistry (2006), farkli sartnamelere gore diiseyde diizensiz binalarin deprem
davraniglarinin incelendigi ¢alismalari ayrintili olarak incelemislerdir [11]. Lee ve Ko (2007) yaptiklar
caligmalarinda, betonarme perde duvar bulunan 17 katli modellerin farkli diizensizlik durumlar igin
deprem davraniglarini incelemislerdir [12]. Verderame ve digerleri (2010), mevcut betonarme
davraniglarimi yi1gili plastik davranis modelini uygulayarak, dogrusal olmayan statik analiz yontemi ile
incelemislerdir. Aksoylu ve digerleri (2020) calismalarinda, betonarme binalarin deprem davranislarini
farkli zemin siniflart igin incelemis ve yonetmeliklere gore kargilagtirmali olarak sunmuglardir. Bhole ve
Dubal (2020), diizensiz ¢ok katli binalarin analizlerini yaparak, sonuclar1 karsilagtirmali olarak
incelemislerdir.

TBDY-2018’de ZA’dan ZF’ye kadar 6 adet yerel zemin sinifi tanimlanmistir. Bu ¢alisma kapsaminda
incelenen ZA yerel zemin sinifi i¢in zemin cinsi saglam, sert kayalar olarak tanimlanmisken, ZD yerel
zemin sinifi i¢in orta sik1 — siki kum, cakil veya ¢ok kati kil tabakalar1 zemin cinsi olarak ifade edilmistir.
Toplam 5 adet zemin smifi igin {ist 30 metredeki ortalama kayma dalgasi hizi, ortalama standart
penetrasyon darbe sayisi ve ortalama drenajsiz kayma dayanimi sayisal olarak agiklanmistir. ZF zemin
sinifi ise, sahaya 0zel arastirma ve degerlendirme gerektiren zeminler olarak ifade edilmistir.

Bu c¢alismada, iilkemiz mevcut yap1 stokunda énemli bir yer tutan orta katli betonarme binalarin deprem
performanslari, dogrusal olmayan tek modlu itme yontemine goére incelenmistir. Bu amagla, mevcut
betonarme binalar 3, 5 ve 7 katli olarak modellenmistir. Tiim binalarda yumusak kat diizensizligi
bulunmaktadir. Ayrica, mevcut binalarin farkli zemin siniflarindaki davraniglarini incelemek amaciyla,
analizler ZA ve ZD yerel zemin smiflar i¢in gergeklestirilmistir. Bilgisayar analizleri i¢in SAP2000
yapisal analiz programi kullanilmigtir [16]. Literatiirdeki ¢alismalar degerlendirildiginde, yap1 stokunda
onemli bir yere sahip farkli kat adetlerine sahip mevcut betonarme binalarin tastyici sistem giivenligi, bu
calisma kapsaminda TBDY-2018’e gore degerlendirilmistir. Ayrica, deprem etkisinde yapisal hasarlarin
siklikla goriildiigii yumusak kat diizensizligine sahip binalar, farkli zemin siniflari i¢cin modellenmistir.
Mevcut betonarme binalarin dogrusal olmayan performans analizlerin yapildigi bu ¢aligmanin, literatiire
katkida bulunacagi degerlendirilmektedir.

2. MATERYAL VE YONTEM

2.1 Yumusak Kat Duzensizligi

Bolme duvarlarin kaldirilmasi, kat yiiksekliginin fazla olmasi gibi sebeplerle kat rijitliginin azalmasi
sonucunda, depremde yatay Gtelenmelerin biiyiik olmasi sebebiyle betonarme binalarda hasarlara neden
olan yumusak kat diizensizligi, TBDY-2018’de asagida verilen denklemler ile belirlenmektedir.
Denklemlerde ifade edilen rijitlik diizensizligi katsayist (n«i) degerinin 2.0’den biiyiik olmas1 durumunda,
yapida yumusak kat diizensizligi olusmaktadir.

Th :(Ai(X) A ) ort /(Am(X) ”hl)m > 2 veya 1j :<Ai(X) A ) ort /(Ai—l(X) / h—l)on >2 ()

2.2 Binalarin Ozellikleri

Betonarme binalara ait ortak kat plan1 ve kat yiikseklikleri Sekil 1°de sunulmustur. Ayrica, binalarin kat
yukseklikleri, tasiyici sistem geometrisi, tasiyici sistem elemanlarinin malzeme ve kesit Ozellikleri
ortaktir. Kat yiiksekligi zemin katta 5.00 m, diger katlarda ise 3.00 m’dir. Aks araliklar1 x dogrultusunda
600-600-500-600-600 cm, y dogrultusunda 600-600-400-600-600 cm’dir.
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Sekil 1. Binalara ait kat plan1 ve kat yiikseklikleri

Kat planinda ti¢ farkli renk ile gosterilen kolon kesitleri 30x60 cm, 40x80 cm ve 50x50 cm, kiris kesitleri
25x45 cm ve doseme kalinliklar1 14 cm’dir. Malzeme olarak C20 beton sinifi ve S420 donati geligi
kullanilmigtir. Deprem yer hareketi diizeyi, 50 yilda agilma olasiligi %10 (tekrarlanma periyodu 475 yil)
olan, ““DD2”’ olarak uygulanmistir. Tiim binalarda déseme hareketli yiik degerleri, son kat i¢in 1.50
kKN/m2, diger katlar i¢in 2,00kN/m? olarak alinmistir. Kolon ve kirislerde 8 mm ¢apinda ¢ift kollu etriye
kullanilmigtir. Kolonlarda etriyeler arast mesafe 15 cm iken, kirigslerde 20 cm’dir. Donati pas pay1
degerleri 4 cm olarak alinmigtir. Kolon ve kiris mesnet kesiti i¢in boyuna donati detaylar1 Tablo 1 ve 2°de
verilmigtir. Ayrica, kesitler gorsel olarak Sekil 2’de sunulmustur.

Tablo 1. Kolon boyuna donatilari

Kesit boyutlari Boyuna donati
30x60 cm 10014
40x80 cm 12014
50x50 cm 12014

Tablo 2. Kiris boyuna donatilari
Sol iist Sol alt Sagiist  Sagalt

4012 2012 4012 2012
_ —_— ey
= » L] g
- = E| g 12014
g g E <
g g 12014 8 10014 %
o 2 e » [ |
“_a__08
b 500 mm i i 300 mm | - 400 mm |

Sekil 2. Kiris ve kolon kesitleri
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Mevcut betonarme binalar SAP2000 yapisal analiz programinda 3, 5 ve 7 kathi olarak modellenmistir.
Binalarin 3 boyutlu modelleri Sekil 3’te gdsterilmistir.

v

Sekil 3. Bina modelleri

Mevcut betonarme binalar i¢in kolon, kiris ve doseme elemanlari programda tanimlanmis ve ilgili
kesitlere atanmigtir. Modal analiz sonuglarina gore her bir dogrultu icin elde edilen hakim periyot
degerleri Tablo 3’te verilmistir.

Tablo 3. Periyot degerleri
Hakim periyot degerleri (s)

Mevcut bina T, T,

3 katl1 model 0.872 0.917
5 katli model 1.314 1.372
7 katl1 model 1.749 1.819

Zemin kat yliksekliginin diger katlara gore fazla olmasi nedeniyle, Denklem (1) ile verilen zemin kat
ortalama goreli kat dtelemesi oraninin, bir {ist kattaki ortalama goreli kat 6telemesi oranina boliinmesiyle
rijitlik diizensizligi katsayis1 hesaplanmistir. Mevcut binalar i¢in ZA ve ZD yerel zemin siniflarina gére
ayr1 ayr1 belirlenen degerler her bir dogrultu i¢in Tablo 4’te sunulmustur. Rijitlik diizensizligi katsayis
degerinin 2.0’den biiyiik oldugu i¢in, tiim binalarda TBDY-2018’¢ gore yumusak kat diizensizligi
bulunmaktadir.

Tablo 4. Rijitlik diizensizligi katsayisi
Mevcut bina ~ ZA —x dogrultusu ~ ZD —x dogrultusu ~ ZA —y dogrultusu  ZD — y dogrultusu

3 katli model 2.166 2.467 2.173 2.468
5 katli model 2.244 2441 2.279 2.558
7 katli model 2.345 2.651 2.469 2.706

4. SABIT TEK MODLU iTME YONTEMI

TBDY-2018’de tanimlanan sabit tek modlu itme yonteminde, goz oniine alinan deprem dogrultusunda her
bir itme adiminda, katlara etkiyen deprem yiikii artimlari, deprem dis1 yiiklemelerden sonraki birinci
adimda belirlenen ve itme hesabi boyunca hi¢ degistirilmeyen sabit mod sekli ile orantili olarak
tanimlanirlar. itme hesab1 sonucunda koordinatlari tepe yerdegistirmesi — taban kesme kuvveti olan itme
egrisi elde edilir. Daha sonra, bu egriye uygulanan koordinat doniisiimi ile koordinatlar1 modal
yerdegistirme — modal s6zde-ivme olan modal kapasite diyagrami elde edilir. Hesabin son agsamasinda bu
diyagram, tamimlanan deprem etkisi altinda modal yerdegistirme talebinin ve buna bagli olarak tasiyict
sistemde meydana gelen i¢ kuvvet ve plastik sekil degistirme taleplerinin hesaplanmasinda esas alinir.
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Statik itme analizi ile genel olarak yapilarin yatay yiikler altindaki performanslar1 incelenmektedir [17].
Bu analiz ile taban kesme kuvveti ve tepe noktasi deplasmani arasindaki iligskiyi ortaya koyan kapasite
egrisi ile yapisal davramig ortaya koyulmaktadir. Tasiyici sistem elemanlarinin dogrusal olmayan
ozelliklerini dikkate alarak belirli adimlar halinde artirilan yatay yiikler etkisi altinda, yapinin performans
noktasi olarak tanimlanan hedef yer degistirme degerindeki performans sonuglarini degerlendirilmektedir
[18]. Bir yap1 i¢in modelleme asamasindan performans degerlendirilmesine kadar olan dogrusal olmayan
analiz adimlar1 Sekil 4'te sunulmustur.

Yapmm Yapisal .Elm.m.nlarm Statik Ttme
Modellenmesi I Ozelliklerinin 7 Analizi
Tanmilanmast
; |
Performans " Hesaplanal?t Plastik
Noktasmm | Pt orgla.ns N?J .asmaH Deformasyonlarm
Belirlenmesi Ka AL Yap. arm Elde Edilmesi
Ttilmesi
; I
Eleman Yapisal
Hagarlarinm —  Performansm
Incelenmesi Degerlendirilmesi

Sekil 4. Analiz adimlar1

Dogrusal olmayan analiz ile tasiyict sistem elemanlarinin kesit hasar bolgeleri TBDY-2018’¢ gore
belirlenmektedir. Sekil 5°te verilen egride tanimlanan sinirlar sirasiyla sinirli hasar, kontrollii hasar ve
gbecmenin Onlenmesi olarak ifade edilmistir. Siirli hasar sinirinda, yapisal elemanlarda bazi c¢atlaklar
gorilebilirken, kontrollii hasar sinirinda bazi elemanlarda hasarlar olusabilir. Gogmenin 6nlenmesi sinir
diizeyinde ise iler diizeyde hasarlar olugsmaktadir. Kritik kesitlerinin hasari sinirli hasara ulagmayan
elemanlar Sinirli Hasar Bolgesinde (SHB), sinirli hasar ile kontrollii hasar arasinda kalan elemanlar
Belirgin Hasar Bolgesinde (BHB), kontrollii hasar ile gdgmenin &nlenmesi arasinda kalan elemanlar Ileri
Hasar Bélgesinde (IHB) ve gd¢menin dnlenmesini asan elemanlar ise Go¢me Bélgesinde (GO) yer alirlar.

i¢ Kuvvet
I

Sinteli Belirgin v leri
Hasar_ Hasar +  Hasar Gigme
Bdlgesi Balgesi Balgesi ¢ DBolgesi

Sekildegistirme

Sekil 5. Hasar bolgeleri

5. BULGULAR

Binalar her iki zemin smifi igin belirlenen performans noktalarma kadar itilerek, tasiyici sistem
giivenlikleri incelenmistir. Ornek olmasi agisindan, 5 katl mevcut betonarme binanin her bir dogrultudaki
taban kesme kuvveti — tepe noktasi yer degistirme egrileri Sekil 6 ve 7°de gosterilmistir. Hesaplanan
performans noktalari sekiller {izerinde isaretlenmistir [19].
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Sekil 6. ZA zemin sinifi i¢in 5 katli bina egrileri
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Sekil 7. ZD zemin sinifi igin 5 katli bina egrileri

Tiim mevcut betonarme binalar igin hesaplanan performans noktalari, her bir dogrultu ve yerel zemin
sinifi i¢in Tablo 5’te verilmistir.

Tablo 5. Performans noktalari

Meveut bina ZA zemin smifi ZD zemin sinifi
X dogrultusu (m) Y dogrultusu (m) X dogrultusu (m) Y dogrultusu (m)
3 katli model 0.0520 0.0547 0.1300 0.1368
5 katli model 0.0783 0.0818 0.1959 0.2046
7 katli model 0.1043 0.1085 0.2609 0.2712

Dogrusal olmayan analizler ile hesaplanan performans noktalarinda, kolon ve kirig elemanlarda plastik
mafsallar olugsmustur. Performans noktas1 degerlerinin daha biiyiik ¢iktig1 y dogrultusu icin elde edilen
plastik mafsal dagilimlari, zemin siniflarina gore Sekil 8-10’da sunulmustur [19].
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Sekil 9. 5 katl binada olusan plastik mafsallar
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Sekil 10. 7 katli binada olusan plastik mafsallar

Mevcut betonarme binalarin tagtyici sistem elemanlarinda olusan hasar durumlari, plastik mafsallara gore
belirlenmistir. Elemanlarda olusan hasar dagilimlar1 kat adetlerine ve zemin simiflarina gére Sekil 11-13
arasinda gorsel olarak sunulmustur.
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Sekil 11. 3 katli binada olusan hasar oranlar1
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Sekil 12. 5 katli binada olusan hasar oranlar1
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Sekil 13. 7 katl1 binada olusan hasar oranlari

3 katl1 binada, ZA yerel zemin siifi i¢in x dogrultusunda kolonlarin %63’i SHB, %37’si BHB, kirislerin
%9’u SHB, %91°1 BHB, y dogrultusunda kolonlarin %67°si SHB, %33°ii BHB, kirislerin %16’s1 SHB ve
%84’1i BHB’de yer almaktadir. ZD yerel zemin sinifi i¢in x dogrultusunda kolonlarin %59’u SHB, %41°i
BHB, kirislerin %7’si SHB, %93’ii BHB, y dogrultusunda kolonlarin %67’si SHB, %22’si IHB ve %11’
GB, kirislerin %16’s1 SHB ve %84’ii BHB’de yer almaktadir.

5 katl1 binada, ZA yerel zemin sinifi i¢in x dogrultusunda kolonlarin %76’s1 SHB, %24’ii BHB, kirislerin
%231t SHB, %77’si BHB, y dogrultusunda kolonlarin %77’si SHB, %23’ BHB, kirislerin %23’ii SHB
ve %77’si BHB’de yer almaktadir. ZD yerel zemin smifi i¢in x dogrultusunda kolonlarin %73"i SHB,
%7’si BHB ve %20’si GB, kirislerin %23’ SHB, %77’si BHB, y dogrultusunda kolonlarin %76’s1 SHB,
%4’ BHB ve %20’si GB, kirislerin %251 SHB ve %75’1 BHB’de yer almaktadir.

7 kath binada, ZA yerel zemin sinifi i¢in x dogrultusunda kolonlarin %81°’i SHB, %14°i BHB ve %5’i
[HB, kirislerin %26’s1 SHB, %74ii BHB, y dogrultusunda kolonlarin %83’i SHB, %14°’i BHB ve %3’
[HB, kirislerin %30’u SHB ve %70’i BHBde yer almaktadir. ZD yerel zemin smifi i¢in x dogrultusunda
kolonlarin %81°1 SHB, %5°1 BHB ve %14°#i GB, kirislerin %26’s1 SHB, %74’ii BHB, y dogrultusunda
kolonlarin %83’tt SHB, %3’0 BHB ve %14’ GB, kirislerin %33’ SHB ve %067’si BHB’de yer
almaktadir.

Mevcut betonarme binalarin tasiyict sistem elemanlarinda olusan hasarlar, her bir zemin smifi igin
asagidaki tablolarda sunulmustur. Olusan hasar durumlari, hasarin daha fazla oldugu kritik dogrultu i¢in
verilmistir [19].
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Tablo 6. ZA zemin smifi i¢in 3 katli binada olusan hasgr durumlari

Eleman Kat no SHB BHB IHB GB
1 - 36 - -

Kolon 2 32 4 - -
3 36 - - -

1 - 30 - -

Kirisg 2 - 30 - -
3 8 22 — —

Tablo 7. ZD zemin smifi i¢in 3 katli binada olusan hasar durumlari

Eleman Kat no SHB BHB IHB GB
1 - - 20 16
Kolon 2 28 8 - -
3 36 - - -
1 — 30 - —
Kiris 2 - 30 - -
3 6 24 — —

Tablo 8. ZA zemin smifi i¢in 5 katli binada olusan hasar durumlari

Eleman Kat no SHB BHB IHB GB
1 - 36 - -
2 28 8 - -
Kolon 3 36 - - -
4 36 — - -
5 36 — - -
1 - 30 - -
2 - 30 - -
Kirig 3 - 30 - -
4 4 26 - -
5 30 — — -

Tablo 9. ZD zemin sinifi igin 5 katli binada olusan hasar durumlari

Eleman Kat no SHB BHB IHB GB
1 - - — 36
2 24 12 — -
Kolon 3 36 — - —
4 36 - - -
5 36 - - -
1 - 30 - -
2 - 30 - -
Kirig 3 - 30 - -
4 4 26 - -
5 30 — — —

Tablo 8. ZA zemin sinifi i¢in 7 kath binada olusan hasar durumlari

Eleman Kat no SHB BHB IHB GB
1 - 24 12 —
2 24 12 - —
3 36 - - -
Kolon 4 36 - - -
5 36 - - -
6 36 — - -
7 36 — - -
Kiris 1 - 30 — —
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2 - 30 - -
3 - 30 - -
4 - 30 - -
5 - 30 - -
6 24 6 - -
7 30 — - —

Tablo 8. ZD zemin siifi i¢in 7 kath binada olusan hasar durumlar

Eleman Kat no SHB BHB IHB GB
1 — - - 36

2 24 12 - -

3 36 - - -

Kolon 4 36 — - -
5 36 - - -

6 36 — - -

7 36 — - -

1 - 30 - -

2 - 30 - -

3 - 30 - -

Kiris 4 - 30 - -
5 - 30 - -

6 24 6 - -

7 30 — — —

Hasar dagilimlarimin yani sira, binalarda olusan yerdegistirmeyi katlara gore incelemek icin goreli kat
Otelemeleri belirlenmistir. Her bir bina igin olusturulan egriler iki farkli zemin smifi igin Sekil 14’te
verilmistir [19]. Yumusak katin goreli kat 6telemeleri tizerindeki etkisi sekilde goriilmektedir. Ayrica,
saglam zeminden gevsek zemine dogru gidildikge, egriler arasindaki fark belirginlesmektedir.

3 ——T7A it ——7A é ——ZA
% ——7D g 4 ——7D Z 3 ——7D
g = 2
£ 1 =2 - 3

4] ]

M M g i 1

0 0 0

0 0,05 0.1 0 0.05 0.1 0 0,05 0.1
Goreli kat dtelemelent Gareli kat dtelemeleri Goreli kat dtelemeleri
Sekil 14. Binalarda olusan goreli kat 6telemeleri
4. SONUC

Bu ¢alisma kapsaminda, iilkemiz yapi stokunda onemli bir yere sahip kolon-kiris ¢erceve sistemden
olusan orta katli mevcut betonarme binalarin deprem performanslart TBDY-2018’e gore incelenmistir.
Binalarda, ge¢mis depremlerde Onemli yapisal hasarlara neden olan yumusak kat diizensizligi
bulunmaktadir. Ayrica, tastyici sistem giivenliginin belirlenmesinde daha gercekei sonug alabilmek igin
dogrusal olmayan analiz yontemlerinden olan tek modlu itme yontemi kullanilmistir. Binalarin farklh
zemin siiflarinda yer alacagi géz oniinde bulundurularak, analizler ZA ve ZD yerel zemin siniflarina
gore gergeklestirilmistir.

Yumusak kat diizensizligi igeren farkli kat adedi ve bina yiiksekligine sahip 3, 5 ve 7 katli mevcut
betonarme binalarin deprem davranisi ve deprem performanslari incelendiginde, saglam kaya ZA yerel
zemin sinifi iizerinde insa edilmis binalarin kontrollii hasar performans diizeyini sagladigi

52



ALKU Fen Bilimleri Dergisi 2021, Komsu Katlar Arasi Rijitlik Diizensizligi Bulunan Betonarme Binalarin
Say1 3(3): 42-54 Deprem Performansinin Arastirilmasi

gozlemlenmistir. Orta siki kum, ¢akil ve ¢ok kati killi zemin (ZD) yerel zemin sinifinda bulunan tim
binalarda ise yumusak katin bulundugu katta gé¢me durumu olusmustur. Bu durum, zemin
parametrelerinin bina performans tizerindeki etkilerini ortaya koymaktadir.

Analiz sonuglarma gore, kat adetlerindeki farklilik binalarda olusan goreli kat Otelemelerini
etkilemektedir. Ayrica, komsu katlar arasi rijitlik diizensizliginin bulundugu katlarda olusan goreli kat
otelemeleri, tiim binalar i¢in belirgin sekilde ortaya ¢ikmaktadir. Boylece, yatay yiikler etkisinde yumusak
katta olusan biiylik yerdegistirmeler goriilmektedir. Bununla birlikte, zemin parametrelerine bagli olarak
tiim katlarda olugan 6teleme degerleri farklilik gostermektedir.

Sonu¢ olarak, TBDY 2018’de tanimlanan ve diiseyde diizensizlik durumlarinda yumusak kat
diizensizligine sahip olan 3, 5 ve 7 kath mevcut betonarme binalarin deprem performanslar
incelendiginde, higbir binada sinirli hasar performans diizeyi saglanamamustir. ZA yerel zemin siifinda
bulunan binalarin kontrollii hasar performans diizeyini sagladigi goézlemlenmistir. Binalarin ZD yerel
zemin simifinda bulunmasi durumunda, tiim binalarda yumusak kat diizensizliginin bulundugu katta
goeme durumu olusmustur. Deprem yiiklerinin betonarme cergeveler ile karsilandig1 diizensiz binalarda,
zeminin etkisi géz 6niinde bulunduruldugunda, tasiyici sistemde perde duvarlarin bulunmasi binalarin
deprem performansinda iyilestirme saglayacaktir. Bu calisma, farkli diizensizlik durumlari ve zemin
siniflar1 incelenerek gelistirilebilir.
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